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ABSTRACT
Aims. We aim to determine the trigonometric parallaxes and proper motions of a sample of ten field L0–L5 dwarfs with spectroscopic
evidence for low-gravity atmospheres. The ten sources were located in color-absolute magnitude diagrams and in the Hertzsprung-
Russell (HR) diagram for age and mass derivations, and were discussed in comparison with field and star cluster dwarfs of related
spectral classification and with state-of-the-art solar-metallicity evolutionary models.
Methods. We obtained J and Ks imaging data using 2–4-m class telescopes with a typical cadence of one image per month between
2010 January and 2012 December, i.e., the data cover a time baseline of nearly three years. We also obtained low resolution optical
spectra (R ∼ 300, 500–1100 nm) using the 10-m Gran Telescopio de Canarias to assess the presence of lithium absorption in four
targets and confirm their young age. The derived parallaxes and proper motions were combined with data from the literature to
determine Teff , luminosity, and space velocities. All this information along with the lithium observations was used to assess the ages
and masses of the sample. The astrometric curves were also examined for periodic perturbations indicative of unseen companions.
Results. Trigonometric parallaxes and proper motions were derived to typical accuracies of a milliarcseconds (mas) and ±10 mas yr−1,
respectively. All ten L dwarfs have large motions (µ ≥ 70 mas yr−1), and are located at distances between 9 and 47 pc. They lie above
and on the sequence of field dwarfs in the absolute J and Ks magnitude versus spectral type and luminosity versus effective temper-
ature diagrams, implying ages similar to or smaller than those typical of the field. In the HR diagram, 2MASS J00332386−1521309
(L4), 2MASS J00452143+1634446 (L2), 2MASS J03552337+1133437 (L5), 2MASS J05012406−0010452 (L4), G 196–3B (L3),
2MASS J17260007+1538190 (L3), and 2MASS J22081363+2921215 (L3) occupy locations compatible with most likely ages in
the interval ≈10–500 Myr if they are single objects. All of these dwarfs (except for 2MASS J00332386−1521309) show strong
lithium absorption at 670.8 nm, thus confirming the young ages and masses ranging from ≈11 through ≈45 MJup for this sub-
sample. The detection of atomic lithium in the atmosphere of 2MASS J00452143+1634446 (L2) is reported for the first time. The
lack of lithium in 2MASS J00332386−1521309 (L4) is not compatible with its position in the HR diagram, suggesting a spec-
tral type earlier than L4. The remaining three dwarfs, 2MASS J02411151−0326587 (L0), 2MASS J10224821+5825453 (L1), and
2MASS J15525906+2948485 (L0) have locations in the HR diagram indicative of older ages and higher masses consistent with the
observed lithium depletion previously published. The dynamical studies based on space velocities derived from our parallaxes and
proper motions fully support the aforementioned results for 2MASS J00452143+1634446, 2MASS J03552337+1133437, G 196–3B,
2MASS J10224821+5825453, and 2MASS J15525906+2948485. We did not find evidence for the presence of astrometric compan-
ions with minimum detectable masses typically ≥25 MJup and face-on, circular orbits with periods between 60–90 d and 3 yr around
eight targets.
Conclusions. The astrometric and spectroscopic data indicate that about 60–70% of the field L-type dwarfs in our sample with
evidence for low-gravity atmospheres are indeed young-to-intermediate-age brown dwarfs of the solar neighborhood with expected
ages and masses in the intervals ≈10–500 Myr and ≈11–45 MJup. The peaked-shape of the H-band spectra of L dwarfs, a signpost of
youth, appears to be present up to ages of 120–500 Myr and intermediate-to-high gravities.
Key words. stars: low-mass, brown dwarfs – stars: distances – astrometry – proper motions – stars: individual: 2MASS
J00332386−1521309, 2MASS J00452143+1634446, 2MASS J02411151−0326587, 2MASS J03552337+1133437, 2MASS
J05012406−0010452, G 196–3B, 2MASS J10224821+5825453, 2MASS J15525906+2948485, 2MASS J17260007+1538190,
2MASS J22081363+2921215
1. Introduction
Trigonometric parallax is a vital parameter to understand the
basic physical properties of new objects and to construct the
population architecture of the solar neighborhood. To date there
are more than 1200 spectroscopically confirmed L- and T-
type low-mass dwarfs in the nearby field1, and the number of
even cooler dwarfs is steadily increasing with the discover-
⋆ Currently at: Instituto de Astrofísica. Pontificia Universidad
Católica de Chile (IA-PUC), E-7820436 Santiago, Chile.
1 Based on the Dwarf Archive web site: http://dwarfArchives.org
ies of late-T and Y-type objects (Cushing et al. 2011; Liu et al.
2011; Luhman et al. 2012; Lodieu et al. 2012; Kirkpatrick et al.
2011, 2012, and references therein). As indicated by the the-
ory of stellar and substellar evolution (e.g., Burrows et al. 1993;
Chabrier et al. 2000a), physical properties of substellar objects
significantly change with time; therefore, at least two param-
eters among temperature, luminosity and age are required to
determine the substellar mass. Many of the known Ls and
Ts share an age similar to that of the Solar System and are
therefore very low-mass stars and brown dwarfs. However,
those with ages below a few ten Myr could have masses
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within the planetary regime2, i.e., below the deuterium burn-
ing mass limit (Saumon et al. 1996) defined at 12 times the
mass of Jupiter (MJup). Given the increasing number of ultra-
cool (LTY) dwarf discoveries, the diversity of the L and T find-
ings in age, chemical composition, and photometric and spectro-
scopic properties is becoming apparent. Distances provide cru-
cial information for calculating luminosities, ages, and masses.
The early parallax programs of Dahn et al. (2002), Tinney et al.
(2003), and Vrba et al. (2004), and the recent works based
on optical and near-infrared data by Burgasser et al. (2008),
Schilbach et al. (2009), Marocco et al. (2010), Andrei et al.
(2011), Dupuy & Liu (2012), Scholz et al. (2012), Faherty et al.
(2012, 2013), Marsh et al. (2013), Beichman et al. (2013), and
others have provided absolute parallaxes of over 150 L and T
dwarfs (less than 20% of all known L and T objects) and 8 Y
dwarfs with metallicity approximately solar and subsolar. These
studies have led to the precise location of the L–T spectropho-
tometric sequence in color-magnitudes diagrams as well as in
the Hertzsprung-Russell (HR) diagram, and to the derivation of
comprehensive relations between absolute magnitudes of ultra-
cool dwarfs and spectral types.
However, not all the details of the L–T dwarf sequence
are fully understood, e.g., the large scatter that cannot be ex-
plained by multiplicity alone (Burrows et al. 2006), and the J-
and H-band luminosity bumps near the L/T transition (e.g.,
Looper et al. 2008). Marley et al. (2010) suggested that, by de-
creasing cloudiness, objects become bluer in J − K and brighten
in J-band since the dust clearing makes the atmospheric 1 µm
regions less opaque, which may account for the observed bump
at the L/T transition. More recently, Faherty et al. (2012, 2013,
and references therein) have claimed that some young ultra-
cool dwarfs appear 0.2–1.0 mag underluminous at near-infrared
wavelengths compared to equivalent spectral type objects, in
clear contrast to what is predicted by the theory of stellar and
substellar formation and evolution. These young dwarfs have red
colors differing from those of their spectral counterparts, sug-
gesting they have more dusty atmospheres.
Here we focus on a sample of ten field L dwarfs with a pecu-
liar property: they show spectroscopic evidence for low-gravity
atmospheres (log g < 4.0–4.5 cm s−2), i.e., young ages. Accord-
ing to Cruz et al. (2009), many of them show spectroscopic fea-
tures indicative of ages younger than the Pleiades. In addition,
their very red near- and mid-infrared colors appear to differ from
those of dwarfs with similar spectral classification, which has
also been argued in favor of low gravities (a signpost of correla-
tion between enhanced photospheric dust and youth). All ten L
dwarfs have spectrophotometric distances estimated at less than
70 pc, making them suitable targets for trigonometric parallax
determinations using ground-based facilities. Our main objec-
tives are to characterize these objects properly in terms of age
and mass, to provide strong relations between observed spectral
features (like the presence of lithium in their atmospheres) and
estimated ages/masses, and to contribute to the view of the so-
lar vicinity population. In Section 2 we provide the description
of the sample. Imaging and spectroscopic observations are de-
scribed in Section 3. The astrometric analysis including trigono-
metric parallaxes and proper motions is given in Section 4. Our
measurements of the ten suspected “young" L dwarfs are com-
2 There is no wide consensus on the maximum mass of an exoplanet.
Here, we adopt the deuterium burning mass limit as this maximum
mass. Objects with masses between the deuterium and hydrogen burn-
ing mass limits are termed brown dwarfs irrespective of their formation
process.
L0 T0 Y0
Fig. 1. J − W2 color as a function of spectral type for our ten targets
(large-size dots) and field dwarfs (small dots). We used the 2MASS J-
band data (Skrutskie et al. 2006). The field dwarf photometry was com-
piled by Dupuy & Liu (2012).
pared with other ultracool dwarfs in color-magnitude diagrams
and with evolutionary stellar and substellar models in Section 5,
where we also provide age and mass estimates. Additionally, in
Section 5 we explore the presence of astrometric companions
around the targets and provide minimum masses of companions
that could have been detected in our study given the quality of
the data. Finally, conclusions are presented in Section 6.
2. Target selection
Our list of targets comprises ten L0–L5 field dwarfs with spec-
troscopic evidence for low gravity atmospheres. Complete tar-
get names and spectral types based on optical spectra are shown
in Table 1. In the following, we shall use abridged names to
refer to program objects. All sources have near-infrared spec-
tral classifications similar to the optical ones within 0.5–1 sub-
types except for J0033−1521, which is classified as an L1 dwarf
in the infrared (Allers & Liu 2013). The sample is selected
from the compilation of suspected young ultracool dwarfs in
the field made by Cruz et al. (2009); all of our targets are ob-
servable from the northern hemisphere and represent 44% of
the total list built by these authors. According to their spec-
trophotometric distances, the ten targets are located within ∼70
pc from the Sun. They display notably weak CrH and FeH
molecular absorption at around 861 and 870 nm, and weak
K i and Na i doublets at ∼770 and ∼820 nm. On the contrary,
absorption due to metal oxides (e.g., Ti0 at 845 nm and VO
at 745 nm) appear enhanced in our targets as compared to
“normal” dwarfs of related spectral types. These properties,
some already noted for young late-M dwarfs by Martín et al.
(1996), are attributable to reduced photospheric pressures typ-
ical of low gravity atmospheres. Consequently, all ten targets
are believed to be undergoing self-gravitational contraction ex-
pected for ages typically below a few hundred Myr. Eight
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Table 2. Summary of optical and near-infrared spectra available in the
literature, and presence of youth spectroscopic features.
Object SpT Li ia Peaked Hb Gc Ref.
J0033−1521 L4β N N FLD 1,2
J0045+1634 L2β N,Y Y VL 1,2,3
J0241−0326 L0γ N Y VL 1,2,3
J0355+1133 L5γ Y Y VL 1,2,3,4
J0501−0010 L4γ Y Y VL 1,2,5
G 196–3B L3β Y Y VL 1,2,3,5,6,7
J1022+5825 L1β N N FLD 1,2
J1552+2948 L0β N Y INT 1,2
J1726+1538 L3β N,Y Y INT 8,1,2
J2208+2921 L3γ Y Y VL 1,2
Notes. (a) Lithium at 670.8 nm. For a couple of objects, some authors
claim detection (“Y”) and others do not (“N”), likely depending on
the quality and spectral resolution of the data. (b) “N” stands for no
detection of this feature in the near-infrared spectrum. (c) Gravity class
indicator from Allers & Liu (2013); very low (VL), intermediate (INT),
and high (FLD) gravity.
References. (1) Cruz et al. 2009, and references therein; (2)
Allers & Liu 2013; (3) this paper; (4) Faherty et al. 2013; (5)
Allers et al. 2010; (6) Rebolo et al. 1998; (7) Zapatero Osorio et al.
2010; (8) Schweitzer et al. 2001.
targets (J0045+1634, J0241−0326, J0355+1133, J0501−0010,
G 196−3B, J1552+2948, J1726+1538, and J2208+2921) also
have near-infrared spectral features supporting low grav-
ity atmospheres (McLean et al. 2003; Allers et al. 2010;
Zapatero Osorio et al. 2010; Faherty et al. 2013; Allers & Liu
2013): the sharply peaked shape of their H-band spectra,
a signpost of youth originally pointed out by Lucas et al.
(2001), and weaker near-infrared K i lines than expected
from the trend of high gravity dwarfs. Of the ten targets,
half (G 196−3B, J1726+1538, J2208+2921, J0501−0010, and
J0355+1133) show Li i absorption at 670.8 nm according to the
literature (Rebolo et al. 1998; Cruz et al. 2009, and references
therein), thus confirming their brown dwarf mass (for a discus-
sion on the lithium test and substellarity see Rebolo et al. 1992;
Basri 2000; Kirkpatrick et al. 2008). In Table 2 we provide the
summary of the availability of optical and near-infrared spectra
in the literature along with an indication of two youth spectro-
scopic features.
The near- and mid-infrared photometry, and Cruz et al.
(2009) optical spectral classification of all targets are summa-
rized in Table 1. Regarding the Wide-field Infrared Survey Ex-
plorer (WISE) data, we considered only magnitudes with as-
sociated signal-to-noise ratio of three and higher, i.e., photo-
metric error bars ≤0.4 mag. Most sources are detected in the
WISE W1 (3.3526 µm), W2 (4.6028 µm), and W3 (11.5608 µm)
bands, and there is only one detection in the W4 (22.0883µm)
filter as indicated in Table 1 (for a description of WISE see
Wright et al. 2010). G 196−3B (located at 16′′ from its primary
star) remains unresolved in the WISE public archive. The Spitzer
photometry, available for six objects in the sample, is taken from
Luhman et al. (2009) and Zapatero Osorio et al. (2010). In Fig-
ure 1 we depict the J − W2 color as a function of M, L, and T
spectral types. For G 196−3B we assumed that the W2 magni-
tude is similar to the Spitzer [4.5] data. This is a reasonable as-
sumption for the L dwarfs as discussed in Zapatero Osorio et al.
(2011): the widths of the WISE W2 and Spitzer [4.5] bands
are alike, and although the WISE filter is slightly shifted to
redder wavelengths, there is no strong molecular absorption at
these frequencies in the spectra of M and L dwarfs. Further-
more, Wright et al. (2011) also noted that the color term between
Spitzer [4.5] and WISE W2 is rather small ([4.5] − W2 = 0.054
mag) and seems to have no trend with spectral type even for the
T dwarfs.
Our targets are shown in comparison with tens of field
dwarfs compiled by Dupuy & Liu (2012, Tables 12 and 13)
in Figure 1. Three program objects (G 196−3B, J0355+1133,
and J0501−0010) appear to be redder by 0.5–1 mag than the
field dwarfs of related types, while J1022+5825 sits on the av-
erage J − W2 index of “normal” dwarfs. The remaining tar-
gets have colors along the upper red envelope of the field.
This reddish nature was already discussed in the literature
(Zapatero Osorio et al. 2010; Faherty et al. 2013), and it is be-
lieved to be caused by thick condensate clouds in low gravity
atmospheres and/or the presence of circum(sub)stellar material.
With (J − W2)= 4.11 mag, which seems typical of the late-Ts
as illustrated in Figure 1, and J − Ks = 2.52 mag, J0355+1133
and the recently discovered WISEP J004701.06+680352.1
(Gizis et al. 2012), PSO J318.5338−22.8603 (Liu et al. 2013a),
and 2MASS J01225093−2439505B (Bowler et al. 2013) turn
out to be the reddest field L dwarfs detected so far. Understand-
ing the nature of the population of unusually red field L dwarfs
in the solar vicinity is one of the objectives of this paper.
3. Observations
3.1. Near-infrared images
Near-infrared images were acquired with cameras installed on
2-m and 4-m class telescopes. The great bulk of the data were
taken with the prime focus instrument OMEGA2000 of the 3.5-
m telescope on the Calar Alto Observatory (Almería, Spain).
This camera has one 2048× 2048 pixels HgCdTe HAWAII-2 ar-
ray projecting a wide field of view (15′.4× 15′.4) on the sky. The
OMEGA2000 pixel size is 0′′.45. Some data were also collected
with the NOTCam instrument based on the Rockwell Science
Center HAWAII array with 1024× 1024 pixels in HgCdTe and
covering a field of view of 4′ × 4′. NOTCam has a pixel size of
0′′.234 on the sky and is attached to the Cassegrain focus of the
2.5-m Nordic Optical Telescope on the Roque de los Mucha-
chos Observatory (La Palma Island, Spain). To a lesser extent,
the third instrument used for this project was the Long-slit In-
termediate Resolution Infrared Spectrograph (LIRIS) available
at the Cassegrain focus of the 4.2-m William Herschel Tele-
scope (Roque de los Muchachos Observatory). LIRIS uses a
1024× 1024 HAWAII detector with a pixel scale of 0′′.25, yield-
ing a field of view of 4′.27× 4′.27. All three instruments cover the
wavelength range from 0.8 through 2.5 µm. The OMEGA2000
and LIRIS images were collected with the Ks filter (bandwidth
of 1.99–2.31 µm), while the majority of the NOTCam data were
obtained using the J filter (bandwidth of 1.17–1.33 µm).
For a proper sampling of the parallax amplitude and ob-
jects’ motion, OMEGA2000 observations were typically car-
ried out with a cadence of once per month from 2010 Jan-
uary through 2012 December (i.e., a time baseline of 3 yr).
Because of a technical failure of the Calar Alto 3.5-m tele-
scope, OMEGA2000 observations were interrupted for about
eight months from 2010 August through 2011 March. NOTCam
and LIRIS data were obtained during this time interval providing
useful astrometric measurements that fill in the temporal gap left
by the OMEGA2000 data. The log of the observations is shown
in Table 3, where we list the Universal Time (UT) observing
dates, exposure times, instruments, filters, and the full-width-at-
half-maximum (FWHM) of the reduced images. The seeing of
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the data ranges from 0′′.5 through 2′′.6, with a median value at
1′′.0. Most images were collected with air masses in the interval
1.0–2.5 or zenith distances of z= 0◦– 66◦.4. There is a total of
262 observing epochs for the ten young field L dwarfs observ-
able from northern observatories.
For each epoch, the observing strategy consisted of acquiring
frames following a muti-point dither pattern for a proper subtrac-
tion of the sky contribution. The dither pattern cycle of the NOT-
Cam and LIRIS data was repeated a few times for each target
to increase the signal-to-noise ratio of the final measurements.
Individual frames were dark-current subtracted and divided by a
flat-field to correct for the pixel-to-pixel variations. Sky contri-
bution was removed from all individual images, which were fi-
nally registered and stacked together to produce deep data. This
last step is necessary in order to retain a significant number of
bright point-like sources in the NOTCam and LIRIS data since
these two instruments provide relatively small fields of view. All
image reduction steps were executed within the iraf3 environ-
ment.
3.2. Optical spectroscopy
Aimed at addressing the presence and possible variability of
the intensity of lithium in the atmospheres of J0045+1634,
J0241−0326, J0355+1133, and G 196−3B, we carried out spec-
troscopic observations using the Optical System for Imaging
and low-Resolution Integrated Spectroscopy (OSIRIS) spectro-
graph (Cepa 1998) of the Gran Telescopio de Canarias (GTC)
on Roque de los Muchachos Observatory (La Palma, Spain).
Of the four spectroscopic targets, the two former ones have no
lithium detection reported in the literature, while the two later
ones display a strong absorption feature at 670.8 nm (see Ta-
ble 2). OSIRIS consists of a mosaic of two Marconi CCD42-
82 (2048× 4096 pix). All of our spectra were registered on the
second detector, which is the default detector (in terms of cos-
metics) for long-slit spectroscopy. We used a binning of 2× 2
providing a pixel size of 0′′.254, and the grism R300R, yielding
a spectral coverage of 500–1100 nm and a nominal dispersion of
7.68 Å pix−1. The slit widths were 0′′.8, 1′′.0, and 1′′.2 depending
on the seeing conditions. Typical seeing was 0′′.7–1′′.0 at optical
wavelengths and weather conditions were hampered by thin cir-
rus (except for G 196−3B). In Table 4 we provide the log of the
OSIRIS observations, which include UT observing dates, expo-
sure times, slit widths, and air masses. The binning of the pixels
along the spectral direction and the projection of the slits onto the
detector yielded spectral resolutions of R= 315 for J0355+1133
and G 196−3B, and R= 250 for J0045+1634 at 750 nm. An or-
der blocking filter blueward of 450 nm was used; however, there
may exist second-order contribution redward of 950 nm (partic-
ularly important for blue objects), which was accounted for by
observing the spectrophotometric standard star using the broad
z-band filter and the same spectroscopic configuration as that of
the science targets. Spectra were typically acquired at parallactic
angle and at two nodding positions along the slit separated by
10′′ for a proper subtraction of the sky emission contribution.
Raw images were reduced with standard procedures includ-
ing bias subtraction and flat-fielding within iraf. A full wave-
length solution from calibration lamps taken during the observ-
ing nights was applied to the spectra. The error associated with
3
iraf is distributed by the National Optical Astronomy Observatories,
which are operated by the Association of Universities for Research in
Astronomy, Inc., under cooperative agreement with the National Sci-
ence Foundation.
LiI
KI
NaI
VO
FeH
CrH
FeH
CrH
TiO
VO
TiO
CaOH
CaH
Fig. 2. OSIRIS/GTC spectra of four of our targets (spectral resolution
of about 300 at 750 nm). The most prominent atomic and molecular ab-
sorption features are labeled, the Li i absorption line is indicated by a
vertical dotted line. Telluric contribution is removed although some tel-
luric residuals are present at 760.5 nm. The blue wavelengths of G 196–
3B and J0241−0326 spectra are not shown because they are very noisy
(e.g., the feature of J0241−0326 immediately to the blue of the Li i lo-
cation is likely not real). Note that the relative flux axis is in logarithmic
scale. All spectra are normalized to unity at 914–918 nm and are shifted
by a constant for clarity.
the fifth-order Legendre polynomial fit to the wavelength cali-
bration is typically 10% the nominal dispersion. We corrected
the extracted spectra for instrumental response using data of the
spectrophotometric standard star G 158−100 (white dwarf) ob-
served on the same nights and with the same instrumental con-
figuration as our targets. This standard star has fluxes available in
Filippenko & Greenstein (1984). To complete the data reduction,
target spectra were divided by the standard star to remove the
contribution of telluric absorption; the intrinsic features of the
white dwarf were previously interpolated and its spectrum was
normalized to the continuum before using it for division into the
science data. The spectrophotometric standard star was observed
a few hours before the targets, therefore some telluric residuals
may be present in the corrected spectra, particularly the strong
O2 band at 760.5 nm.
The resulting reduced GTC spectra are depicted in Figure 2.
They are ordered by increasing spectral type and shifted by a
constant for clarity. In order to clearly show the spectral fea-
tures at blue wavelengths (e.g., the Na i absorption at 589.3 nm),
the relative fluxes of the spectra are plotted in logarithmic scale.
For a detailed description of the atomic and molecular absorp-
tions dependence on L spectral type see Martín et al. (1999),
Kirkpatrick et al. (1999), and Kirkpatrick (2005).
3.2.1. Lithium absorption
The lithium absorption doublet at 670.8 nm is detected in
J0045+1634, J0355+1133 and G 196−3B. We measured the
equivalent width of the spectral feature (note that the doublet
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Table 4. Log of spectroscopic observations and lithium measurements.
Object SpT UT Obs. date Exposure Slit width Air mass pEW (Li i)
(s) (′′) (Å)
J0045+1634 L2β 2012 Dec 14 2×300 1.0 1.09 3.1±0.4
J0241−0326 L0γ 2012 Dec 15 2×600 1.2 1.18 ≤10
J0355+1133 L5γ 2012 Dec 13 2×300 0.8 1.12 9.2±0.4
G 196–3B L3β 2012 Dec 16 3×180 0.8 1.10 8.0±2.0
is not resolved) with respect to the objects’ relative continuum
or pseudo-continuum modulated by the strong absorptions due
to TiO, Na i to the blue, and K i to the red. We therefore re-
fer to pseudo-equivalent widths (pEW). To compensate for the
slightly different spectral resolution of the data, the integration
of the line profile was always performed over the range 667.7–
673.3 nm. Our measurements and their associated uncertainties
are provided in Table 4. For J0241−0326, only an upper limit on
the line pEW was obtained. The Li i pEWs of J0355+1133 and
G 196−3B are about 38% larger than those given in Table 1 by
Cruz et al. (2009) because we selected a broad wavelength inter-
val for the integration of the line profile that is appropriate for the
GTC low-resolution spectra. We measured the Li i pEW over the
Keck spectrum of J0355+1133 published by Cruz et al. (2009)
and using the aforementioned method deriving pEW = 9.5± 1.0
Å, in perfect agreement with the value obtained from the GTC
data (see Table 4).
The detection of lithium in absorption in the atmosphere of
the L2β dwarf J0045+1634 is reported for the first time. We
measured pEW (Li i)= 3.1± 0.4 Å, which is compatible with
the upper limit of <3 Å claimed by Cruz et al. (2009). The
Li i strengths of J0045+1634, J0355+1133 and G 196−3B com-
pare with the pEWs of other L2–L5 field dwarfs and with the
observed trend where Li i pEW increases with later subtypes
(Kirkpatrick et al. 2000).
4. Astrometric analysis
To derive trigonometric parallaxes and proper motions, we se-
lected the OMEGA2000 observations of 2010 January as the
fundamental reference frames to which all other OMEGA2000
and LIRIS images are compared. The NOTCam data have their
own reference frames corresponding to different epochs for each
target; they were later referred to the OMEGA2000 reference
frames by selecting observations taken on the same night or sep-
arated by less than three days. The reference frame of each pro-
gram object is used to minimize any rotation, translation, and
scaling changes between frames. Using the daofind command
within iraf we identified all sources with photon peaks with de-
tection above 8–10 σ, where σ stands for the noise of the back-
ground, and FWHM resembling that of unresolved objects (i.e.,
extended sources were mostly avoided). In addition, we cared
that the detected sources lied within the linear regime of the de-
tectors response. For all targets and OMEGA2000 images, the
number of sources identified per frame well exceeded 100 ob-
jects (in a few cases, the number of detected sources reached
∼700 objects). The centroids of detected objects were computed
by estimating the x and y pixel positions of the best fitting one-
dimensional Gaussian functions in each axis; typical associated
errors are about 3–5% of a pixel or better.
Pixel coordinates were transformed between different epochs
using the geomap routine within iraf, which applied a polyno-
mial of (typically) third order in x and y and computed linear
terms and distortions terms separately. The linear term included
an x and y shift, and x and y scale factor, a rotation, and a skew.
The distortion surface term consisted of a polynomial fit to the
residuals of the linear term. The (x, y) astrometric transformation
between observing epochs and the reference epoch was an iter-
ative step, which included the rejection of objects deviating by
more than 1.5–2 σ, where σ corresponds to the dispersion of the
transformation. Typical coordinates transformation dispersions
ranged from 0.024 to 0.065 OMEGA2000 pixels (11–30 mil-
liarcseconds, mas). The uncertainty is about 1.5–2 times larger
for the NOTCam data likely because a moderate-to-high num-
ber of reference sources with poor centroid determinations were
considered in the astrometric transformations (15–40 objects, the
fields of view of OMEGA2000 and NOTCam are quite differ-
ent in size), and because NOTCam may have some astrometric
distortions that are not well “erased” by the third-order polyno-
mials. During the total of three years of observations, we did
not detect a significant change in the OMEGA2000 pixel size
(maximum difference of 0.08%) and the relative angle orienta-
tion of the frames (maximum difference of 0◦.38 with a mean
value at −0◦.004± 0◦.004), thus proving the astrometric stability
of OMEGA2000. Relative NOTCam pixel size and angle orien-
tation were also stable within ±0.4% and ±0◦.2.
In absolute terms, using the 2MASS astrometry, which
has an internal accuracy of about 80–100 mas (Skrutskie et al.
2006), and the OMEGA2000 reference frames we checked that
the pixel size is 450.0± 1.8 mas (average of ten measurements),
where the uncertainty corresponds to the error of the mean. We
also found that the reference frames were rotated with respect to
the north-east orientation by 0◦.28± 0◦.01. This has little impact
in our astrometric analysis (<0.5% in both axis), typically within
the quoted error bars. We determined that the NOTCam pixel
size is 234.3± 1.0 mas, and that the NOTCam reference frames
were rolled with respect to the corresponding OMEGA2000 ref-
erences by angles ranging from−0◦.14 to−0◦.45. Those NOTCam
frames with the largest rolled angles were conveniently dero-
tated.
Because our data were acquired at near-infrared wavelengths
(mostly Ks), corrections by refraction due to the Earth’s atmo-
sphere and the large field of view of the detectors (particularly
OMEGA2000) are expected to be small (Filippenko 1982). Fur-
thermore, since we are using relative astrometry, only the dif-
ferential refraction is relevant, and this effect is in practice ac-
counted for by using polynomial astrometric transformations of
degree three and higher. According to Fritz et al. (2010), we es-
timate the differential refraction errors to be significantly below
1 mas in our relative astrometry. Regarding the chromatic differ-
ential refraction, our targets are redder and show stronger water
vapor absorption at near-infrared wavelengths than the vast ma-
jority of the reference sources used in the astrometric transfor-
mations. By convolving the response curve of the Ks filter and
the spectral energy distributions of a sample of GKML objects
whose spectra were taken from the NASA Infrared Telescope Fa-
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cility spectral library4 (Cushing et al. 2005; Rayner et al. 2009),
we found that GK(early)M stars have very similar effective
wavelength in the Ks band (2.130± 0.003 µm), while for the L5-
type dwarfs we derived an effective wavelength of 2.149 µm.
Various works in the literature (e.g., Monet et al. 1992; Stone
2002; Faherty et al. 2012, and references therein) have demon-
strated that the differential color refraction corrections are min-
imal at infrared wavelengths; we estimated them to be about a
few mas for the largest zenith distances of our observations, i.e.,
smaller than the quoted astrometric uncertainties for individual
images. For low zenith distances, the corrections are of the order
of sub-mas. Therefore, we did not attempt to apply the differen-
tial chromatic refraction correction to the (x, y) positions in our
astrometric analysis procedure.
4.1. Proper motion and parallax
In Table 5 we provide all relative astrometric measurements of
each target as a function of Julian Date. We also provide the
corresponding air masses. Data (dx and dy were converted into
dα and dδ using the corresponding plate scales) and their as-
sociated error bars are plotted against observing epoch in Fig-
ures 3, 4, and 5 (the later two Figures are available in the online
version of the manuscript). The epochs at which the NOTCam
and OMEGA2000 astrometry was “normalized” are clearly in-
dicated. The parallax can be seen as a wobble in the sources’s
position superimposed on its regular proper motion. The bottom
panels corresponding to each target display the (dα, dδ) apparent
relative trajectories, which on first order approximation depend
on proper motion (µα, µδ), parallax (π), and observing time (t)
according to the following mathematical expressions:
dα = µα (t − to) + π ( f αt − f αo ) (1)
dδ = µδ (t − to) + π ( f δt − f δo ) (2)
where the subscript o indicates the reference epoch, and f α and
f δ stands for the parallax factors in right ascension (α) and dec-
lination (δ), respectively. In our study, all the astrometric quanti-
ties are given in mas and the times t and to are measured in Julian
Days. The parallax factors were computed following the equa-
tions given in Green (1985) and obtaining the Earth barycenter
from the DE405 Ephemeris5. We applied the least squares fit-
ting method to the set of Equations 1 and 2 to derive the par-
allax and the proper motion for each target. At this stage only
the OMEGA2000 data were fit since the NOTCam and LIRIS
astrometry is affected by a larger uncertainty. The best-fit solu-
tions are illustrated in Figures 3, 4, and 5 (the later two Figures
are available in the online version of the paper). The NOTCam
and LIRIS data nicely overlap with the best-fit curves, provid-
ing support to the derived parameters. Our results are shown in
Table 6. At this point we list relative parallaxes.
Another method to measure proper motions independently
of parallax is to compare the astrometry of the targets taken 1,
2, and 3 years apart and at approximately the same time of the
year (within ±20 days). Displacements due to parallax will be
minimal, in any case they will be small compared with the large
motion of the targets and can be ignored. We checked that the
proper motions obtained from both methods agree with each
other within the error bars. The uncertainties associated to the
proper motions shown in Table 6 correspond to the standard de-
viations of the motions determined by this second method. The
4 http://irtfweb.ifa.hawaii.edu/∼spex/IRTF_Spectral_Library/
5 http://ssd.jpl.nasa.gov
parallax errors account for the proper motion uncertainties in
Equations 1 and 2.
The astrometric residuals after subtracting the derived par-
allaxes and proper motions from the observations are shown in
Figures 6, 7, and 8 (the later two Figures are available in the on-
line version). The dispersions of the monthly OMEGA2000 dα
residuals per object are given in Table 7. The mean scatter of the
residuals is ±8.6 mas for α and ±18.1 mas for δ (OMEGA2000),
below the typical error bars assigned to the relative astrometry
shown in Table 5, suggesting that individual uncertainties may
be slightly overestimated. We note that the mean dispersion is
constant over the three year time baseline. As for the NOTCam
data, although they were not included in the least squares fitting
step, residuals have a typical scatter of ±19.5 mas (α) and ±31.1
mas (δ), about a factor of two larger than those of OMEGA2000.
To evaluate the impact of the color atmospheric differential
refraction term in our analysis, we plotted the astrometric residu-
als as a function of air mass in Figures 9, 10, and 11 (the later two
Figures are available in the online version of the paper). Despite
having similar spectral classification, our targets are depicted
separately because of their different coordinates and reference
frame air masses. The distribution of the data points (both in α
and δ) in Figures 9, 10, and 11 is flat around a null value from
air mass 1 through 2.5. Even the few observations taken with
air mass between 2.5 and ∼3 appear to be well reproduced by
the astrometric fits, thereby suggesting that chromatic differen-
tial refraction is not a major source of uncertainty in our study.
Our reference objects are almost all stars in the Galaxy, each
one with its own distance and proper motion. This introduces
a systematic error in the parallax and proper motion determi-
nation that must be considered. On the one hand, we expect
that the motions of the reference objects are randomly orien-
tated; therefore, their effect will be reduced and we did not cor-
rect for it. On the other hand, finite distances diminish part of
the true parallax of our targets. To convert relative parallaxes
into absolute parallaxes we followed a procedure similar to the
one described in Faherty et al. (2012). Using the 2MASS col-
ors (Skrutskie et al. 2006) of the reference objects we obtained
their photometric distances by assuming that all of them are main
sequence stars. We adopted the color–bolometric correction–
spectral type relations given in Johnson (1966) for BAFGK stars
and in Kirkpatrick et al. (1993) for late-K and M stars. The de-
fined relations are valid for colors in the interval J−Ks = −0.2 to
1.53 mag. We adopted the mode of the distribution of reference
objects distances as the correction to be added to the relative
parallax that comes directly from our fits to obtain the absolute
parallax. In Table 6 we list the values of these corrections derived
for our target fields. The average relative-to-absolute parallax
correction for the full list of targets is 1.34± 0.28 mas ranging
from 1.00 to 1.84 mas. We note that this correction is typically
of the same order as the astrometric uncertainty associated with
our derivation of the relative parallax. Absolute parallaxes for
all ten targets are also provided in Table 6. Their error bars re-
sult from the quadrature sum of the uncertainties of the relative
parallaxes and the correction factors; they are dominated by the
errors of the relative parallaxes.
4.2. Comparison with the literature
All of our targets have published proper motions (Jameson et al.
2008; Casewell et al. 2008; Faherty et al. 2009, 2012;
Zapatero Osorio et al. 2010). The two left panels of Fig-
ure 12 display the comparison between the literature data and
the measurements provided here. With one exception, we find
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Fig. 3. Differential astrometric measurements obtained for G 196−3B and J1552+2948 in the time interval from 2010 January through 2012
December. For each object, the top and middle panels depict the apparent trajectories of dα and dδ, respectively, and the bottom panel illustrates
dδ against dα, where north is up and east is to the left. The reference epoch (2010 January) of the OMEGA2000 data corresponds to (dα, dδ)= (0,
0). The NOTCam data are normalized to the OMEGA2000 reference system at the observing epochs indicated by the arrows. OMEGA2000
measurements are plotted as solid circles, while NOTCam and LIRIS data (when available) are shown with open circles and triangles, respectively.
The solid curves stand for the best fits to the proper motions and parallaxes. Astrometric error bars are plotted; in some panels, they have the size
of the symbols. The plots of the remaining targets are available in the online version of the paper.
Table 6. Proper motions, trigonometric parallaxes, effective temperatures, and luminosities.
Object SpT µα cos δ µδ πrel Corr. πabs Teffa log L/L⊙
(mas yr−1) (mas yr−1) (mas) (mas) (mas) (K)
J0033−1521 L4β +309.5±10.4 +28.9±18.3 23.5±2.5 1.3 24.8±2.5 1720±55 −3.55±0.15
J0045+1634 L2β +356.2±13.7 −35.0±10.9 55.5±2.0 1.8 57.3±2.0 1970±70 −3.53±0.08
J0241−0326 L0γ +84.0±11.7 −22.4±8.6 20.2±2.6 1.3 21.4±2.6 2260±75 −3.75±0.17
J0355+1133 L5γ +225.0±13.2 −630.0±15.0 109.2±4.3 1.5 110.8±4.3 1615±50 −4.10±0.08
J0501−0010 L4γ +190.3±9.5 −142.8±12.5 49.9±3.7 1.1 51.0±3.7 1720±55 −4.00±0.12
G 196–3B L3β −132.3±10.7 −202.1±13.7 39.2±4.1 1.7 41.0±4.1 1840±65 −3.73±0.14
J1022+5825 L1β −799.0±6.4 −743.8±13.2 45.1±1.3 1.2 46.3±1.3 2110±75 −3.66±0.08
J1552+2948 L0β −154.1±5.3 −62.2±10.6 46.5±0.9 1.3 47.7±0.9 2260±75 −3.63±0.07
J1726+1538 L3β −43.1±7.1 −55.7±5.2 27.5±2.9 1.2 28.6±2.9 1840±65 −3.77±0.15
J2208+2921 L3γ +90.7±3.0 −16.2±3.7 20.2±0.7 1.0 21.2±0.7 1840±65 −3.71±0.10
Notes. (a) Temperature errors correspond to an uncertainty of half a subtype in the spectral classification. The scatter of the Stephens et al. (2009)
temperature scale of M6–T8 field dwarfs is ±100 K, not included here.
that our values agree with the published ones within 1–1.5σ the
uncertainties, thus validating our method. The deviating object
is J1022+5825, whose µα cos δ shows discrepant measurements.
Our value is a factor of 2.2 times larger in amplitude than the
literature one (Faherty et al. 2009). While the agreement in µδ is
at the level of 1σ, we cannot reconcile the published µα cos δ
with our data.
Trigonometric parallaxes are given for the first time for eight
objects in our sample. Only J0355+1133 and J0501−0010 have
astrometric distances available in the literature (Faherty et al.
2012, 2013). A third object, J0033−1521, is in the target list
of Andrei et al. (2011, PARSEC program), but to the best of
our knowledge no parallax measurement is available so far. For
J0355+1133, our parallax derivation (π = 110.8± 4.3 mas) and
the value of Faherty et al. (2013, π = 122± 13 mas) are con-
sistent to within 1σ, although our measurement locates this L
dwarf at a farther distance (d = 9.03± 0.34 pc versus 8.20± 0.88
pc), in better agreement with the very recent result (9.10± 0.10
pc) of Liu et al. (2013b). Regarding J0501−0010, the parallax
measurements are discrepant at >5σ, which translates into sig-
nificantly different distances: d = 19.60± 1.32 pc (ours) and d
= 13.09± 0.82 pc (Faherty et al. 2012). This difference contrasts
with the similarity of the proper motions measured by different
groups (Casewell et al. 2008; Faherty et al. 2009, and this pa-
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Fig. 6. Astrometric residuals of G 196−3B and J1552+2948 as a function of the observing epoch. Symbols as in Fig. 3. The plots of the remaining
targets are available in the online version of the paper.
Fig. 9. Astrometric residuals of G 196−3B and J1552+2948 as a function of the observing air mass. Symbols as in Fig. 3. Other targets are shown
in the online version of the paper.
per). Our value for the relative-to-absolute parallax correction
(1.1±0.28 mas) agrees well with Faherty et al. (2012) determi-
nation (1.2 mas), we thus conclude that the correction is not the
source of the discrepancy. The fact that our trigonometric paral-
laxes locate these objects at larger distances has implications in
the discussion of the following sections.
Spectrophotometric distances were computed for all targets
by Cruz et al. (2009). These computations and our derivations
are compared in the right panel of Figure 12. Cruz et al. (2009)
spectrophotometric distance of J0501−0010 agrees with our as-
trometric measurement at the 1-σ level.
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Table 7. Dispersion of astrometric residuals, ages, masses, radii, surface gravities, explored periods, minimum masses of astrometric companions.
Object SpT ∆(dα) Age rangea Mass rangeb R/R⊙ log gc Periodsd Mce
(mas) (Myr) (MJup) (cm s−2) (d) (MJup)
J0033−1521f L4β 7.4 ≤10 <4–12 (4) 0.19±0.05 — 76–1095 —
J0045+1634 L2β 8.8 10–100 12–25 (15) 0.15±0.02 4.05–4.66 (4.28) 59–1095 5.6
J0241−0326 L0γ 9.5 >∼500 ≥60 (80) 0.09±0.02 ≥5.12 (5.45) 97–1095 56.9
J0355+1133 L5γ 6.4 50–500 15–40 (23) 0.11±0.02 4.37–5.07 (4.68) 66–1095 2.4
J0501−0010 L4γ 5.2 50–500 13–45 (25) 0.11±0.02 4.27–5.19 (4.73) 76–1095 4.7
G 196–3B L3β 13.9 10–300 11–45 (15) 0.13±0.03 4.04–5.07 (4.36) 46–1095 15.0
J1022+5825 L1β 9.6 100–1000 35–72 (50) 0.11±0.02 4.76–5.36 (5.05) 41–1095 16.4
J1552+2948 L0β 8.9 >∼500 ≥65 (75) 0.10±0.01 ≥5.13 (5.32) 38–1095 18.5
J1726+1538 L3β 10.4 10–300 11–45 (20) 0.13±0.03 4.07–5.12 (4.52) 38–1095 10.0
J2208+2921 L3γ 6.1 10–300 11–45 (15) 0.14±0.03 4.05–4.99 (4.34) 46–1095 12.7
Notes. (a) Derived from the luminosity–Teff plane. All objects are assumed to be single. (b) Most likely mass value from the luminosity–Teff plane is
given in parenthesis. All objects are assumed to be single. (c) Value computed for the most likely mass is given in parenthesis. (d) Range of periods
explored in the time-series analysis of the monthly astrometric residuals. (e) Minimum detectable companion masses (see Section 5.5). (f) The
lack of lithium in its atmosphere is not consistent with such young age and low mass (see Section 5.3). Surface gravity and minimum detectable
companion masses are not computed for this object.
Fig. 12. Comparison of our measurements with data from the literature (Faherty et al. 2009; Cruz et al. 2009). The solid diagonal line in the three
panels corresponds to exact equality.
5. Discussion
5.1. Magnitude–spectral type diagrams
The derived trigonometric parallaxes were used to determine the
distance modulus of each object and to obtain absolute magni-
tudes from apparent magnitudes. In Figure 13 we show the lo-
cation of all targets in the MJ and MKs versus spectral type dia-
grams (2MASS photometry). To put our sample in context, the
two panels of Figure 13 are completed with sources from the
literature. Here, we assume that our targets have solar metallic-
ity. The field sequence (dwarfs with known trigonometric par-
allaxes) is taken from the recent work by Dupuy & Liu (2012).
Because the age and metallicity of field dwarfs are not well con-
strained, the sequence displays a significant scatter in both J and
Ks diagrams; equal-mass binarity might account for part of the
scatter, but it is not enough (e.g., see Burrows et al. 2006, and
references therein). Nevertheless, our sample nicely follows the
trends delineated by the field objects.
Young cool dwarfs of known age, metallicity and dis-
tance are also shown in Figure 13. Pleiades substellar mem-
bers confirmed spectroscopically and astrometrically (i.e., their
proper motions are compatible with that of the stellar cluster)
are discussed in Bihain et al. (2010). The widely accepted age
and distance of the Pleiades cluster is 120 Myr and 120 pc
(Stauffer et al. 1998; Martín et al. 1998; van Leeuwen 2009a,b)
as derived from the lithium depletion boundary (Rebolo et al.
1992) and the Hipparcos catalog (Perryman et al. 1997), respec-
tively. Per spectral type interval, we averaged the absolute mag-
nitudes of Pleiades members listed in Table A.1 of Bihain et al.
(2010) and plotted them along with their associated standard
deviations in Figure 13: the Pleiades sequence extends from
mid-M through L4. For the M types, the cluster sequence ap-
pears slightly overluminous compared to the field (as expected
for young ages); however, it readily converges toward cooler
spectral types eventually approaching the field sequence. This
“overlapping” property, particularly for the L types, was already
pointed out by Bihain et al. (2006), and it is likely related to the
fact that L-type objects (including brown dwarfs and low-mass
stars) with ages above ∼100 Myr tend to have very similar size
(0.08–0.12 R⊙) independently of mass and age (see discussion in
Luhman 2012).
For comparison purposes, we also plotted in Figure 13σ Ori-
onis member candidates with spectroscopy available in the liter-
ature (see compilation made by Peña Ramírez et al. 2012); this
cluster sequence extends down to L5. With an age estimated at
∼3 Myr (Zapatero Osorio et al. 2002; Sherry et al. 2008) and a
distance of 352 pc (Perryman et al. 1997), σ Orionis L-type sub-
stellar members appear overluminous by about 1 mag in J and
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Fig. 13. Absolute Ks (top) and J (bottom) magnitudes as a function of
optical spectral type for objects of various ages. Our sample is plot-
ted as filled circles with error bars. All objects are labeled. The field
sequence of dwarfs is defined by the sample of Dupuy & Liu (2012,
small dots). Young field dwarfs with parallax measurements given by
Faherty et al. (2012, 2013) are shown with open squares. The mean se-
quence of Pleiades dwarfs (120 Myr) is depicted by a solid line (it goes
from the mid-Ms to L4). The youngest objects (σ Ori cluster, ∼3 Myr)
are illustrated with open diamonds. We do not show the error bars of
all objects from the literature for the clarity of the figure. Also for clar-
ity, our targets are slightly shifted in spectral type. Photometry is in the
2MASS system.
Ks with respect to the Pleiades and the field sequences. This is
consistent with the predicted changes in luminosity by evolu-
tionary models (Baraffe et al. 2003); furthermore, at these young
ages, L-type objects (low-mass brown dwarfs and planetary mass
objects) have radii a factor of 2–3 times larger than their spec-
troscopic counterparts at the age of the Pleiades (mainly brown
dwarfs). The “overlapping” feature between the 3-Myr isochrone
and the Pleiades isochrone in color-magnitude or magnitude-
spectral type diagrams might happen at cooler temperatures (or
spectral types >L5) because free-floating planetary mass objects
of a few Myr would have similar size as the 100-Myr low-mass
brown dwarfs of related temperatures. As seen in Figure 13,
most of our sources lie between the σ Orionis and the field se-
quences, making it difficult to derive precise ages for our targets
using magnitude–spectral type diagrams. For age estimates, we
address the reader to Section 5.2.
Recently, Faherty et al. (2012) have claimed that young
sources later than M9–L0 appear underluminous in MJ , MH ,
and/or MK compared to equivalent spectral type objects in
the field. Other groups have also claimed that some young,
cool substellar companions to stars and brown dwarfs fall
below the theoretical isochrones corresponding to their ages
(e.g., see Metchev & Hillenbrand 2006; Mohanty et al. 2007;
Faherty et al. 2012, and references therein). This is an unex-
pected feature since according to evolutionary models young
brown dwarfs are always more luminous than older ones at a
given temperature: if there were no major changes in their spec-
tral energy distribution due to, e.g., low gravity, young ultra-
cool dwarfs should appear brighter at all bands or wavelengths.
However, all of the young L-type sources with the reported “un-
derluminous” issue have very red colors likely indicating atmo-
spheres with a high content of condensates. Dust absorption and
scattering (and possibly dust emission) processes make them
appear fainter and brighter at short and long wavelengths, re-
spectively, but their net integrated luminosity must be higher
than that of older dwarfs of related temperatures (see Section
5.2). The color/dustiness differences are illustrated in Figure 13:
the reddest sources in our sample (G196−3B, J0355+1133, and
J0501−0010) appear comparatively brighter in Ks than in J with
respect to the field of “normal” dwarfs.
In Figure 13 we also plotted the young objects of
Faherty et al. (2012, 2013). For the two sources in common,
J0501−0010 and J0355−1133, our parallax measurements locate
them within the scatter of the field sequence and definitively at
brighter positions than Faherty et al. (2009, 2012) data. The two
locations of J0501−0010 are notoriously discrepant, suggesting
that one of the distance determinations is wrong or that the er-
ror bars are largely underestimated. In general, none of our ten
supposedly young L dwarfs appear significantly underluminous
with respect to the field sequence in Figure 13; they tend to lie
on the sequence or slightly above it.
5.2. HR diagram: ages and masses
To locate our targets in the HR diagram, observables must be
converted into luminosities and effective temperatures (Teff).
With the trigonometric parallaxes, absolute magnitudes are eas-
ily derived. We then applied bolometric corrections (BC) at dif-
ferent wavelengths to derive absolute luminosities. There are
BCs determined for field cool dwarfs (e.g., Golimowski et al.
2004). However, since some of our targets show infrared col-
ors differing from those of “normal” field dwarfs, we decided to
use BCs specially derived for young L-type sources with red-
dish color properties. This is in agreement with the statements
made by Luhman (2012) and Faherty et al. (2012) that low sur-
face gravity L dwarfs require a new set of BC/absolute magni-
tude calibrations. In Todorov et al. (2010), these authors deter-
mined the appropriate values of BCKs for three M9.5–L0 young
substellar objects for which complete spectral energy distribu-
tions have been measured and are available in the literature:
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one object in Taurus and two young field dwarfs, one of which
is J0241−0326 (L0). The average BCKs is +3.40 mag, being
BCKs = 3.41 mag for J0241−0326. As stated in Todorov et al.
(2010), this BC is larger than that of “normal” dwarfs by ∼0.2
mag. Similarly, Zapatero Osorio et al. (2010) found differing
BCs when studying G 196−3B, also in our target list. These
authors derived BCJ = 1.16 and BCKs = 3.22 mag (with an un-
certainty of ±0.10 mag) for the L3 dwarf. We finally used
Todorov et al. (2010) BCs for the L0–L2 objects in our sample,
and Zapatero Osorio et al. (2010) BCs for the L3–L5 sources.
These BCs combined with absolute magnitudes and Mbol = 4.73
mag for the Sun yield the luminosities shown in Table 6. The
quoted errors account for the uncertainties in observed magni-
tudes, parallaxes and BCs.
For comparison purposes, we also derived luminosities us-
ing the near-infrared BCs available in the literature for field
dwarfs (Dahn et al. 2002; Golimowski et al. 2004). For half of
the sample we found that the two luminosity derivations agree
within ±0.05 dex. The other half (J0033−1521, J0355+1133,
J0501−0010, G 196−3B, and J1726+1538) shows luminosities
about 0.15 dex systematically fainter than the values derived
from the BCs of young sources. These are not large differences
and do not have significant impact in the following discussion,
except for the fact that lower luminosities would make objects
slightly older and more massive.
The Teff of the sample objects was determined using the op-
tical spectral types summarized in Table 1 and the temperature–
spectral type relationship by Stephens et al. (2009), which is
a revised version of Golimowski et al. (2004) temperature cal-
ibration based on measured bolometric luminosities. The de-
rived temperatures and their errors are listed in Table 6. Errors
take into account an uncertainty of half a subtype in the spec-
tral classification. According to Stephens et al. (2009), the scat-
ter of the Teff–spectral type relationship is about ±100 K (not
included in the Table). This temperature scale yields Teff val-
ues within the dispersions quoted by other Teff scales built for
high-gravity L dwarfs using the spectral fitting method (e.g.,
Cushing et al. 2008; Stephens et al. 2009; Testi 2009, and ref-
erences therein). One object, J1726+1538, is in common with
the work by Schweitzer et al. (2001), where the authors ana-
lyzed the Keck high- and low-resolution optical spectra of the
L3 dwarf and compared them to theoretical model atmospheres,
which included dust condensation and dust opacities, to mea-
sure surface temperature and gravity (log g). From the study of
the pseudo-continuum slope, Schweitzer et al. (2001) obtained
Teff = 1900 K and log g = 6.0 (cm s−2) for J1726+1538; this
agrees with Stephens et al. (2009) relation. However, the com-
parison of the theory of model atmospheres with the observa-
tions of the Cs i lines yielded a warmer temperature (Teff = 2100
K) and a lower surface gravity (log g = 5.5). The authors argued
that the discrepancy between temperatures derived from low-
and high-resolution spectra is likely due to the treatment of the
dust opacity and dust settling issues. Alkali lines are well known
to strongly depend on both atmospheric temperature and pres-
sure (or gravity). The analysis of a few atomic lines may not be
sufficient to disentangle the degeneracy caused by all three free
parameters (temperature, gravity, dust), provided that metallicity
is fixed to solar values.
Objects with later spectral types have cooler temperatures
ranging from ∼2300 K (L0) to ∼1600 K (L5). In Figure 14
we plot the derived Teff’s and luminosities (as obtained from
the BCs of young sources). Overplotted are the solar metallicity
evolutionary models by Burrows et al. (1993) and Baraffe et al.
(2003), including isochrones from 10 Myr through 10 Gyr and
Fig. 14. HR diagram of our targets (solid dots with error bars). The
isochrones by Baraffe et al. (2003, top) and Burrows et al. (1993, bot-
tom) covering the age interval 0.01–10 Gyr are shown with solid lines.
Two tracks of constant mass (15 and 50 MJup) are depicted with dashed
lines.
two tracks of constant mass (15 and 50 MJup). Within the lim-
its of the diagrams, the 50-Myr isochrones display a luminos-
ity peak at around 1900 K, which is likely due to deuterium
burning in the interior of 12–15-MJup objects (some nuclear fu-
sion activity maintains constant luminosity and temperature for
a while), whereas more massive objects have already burnt their
deuterium content and are now cooling off rapidly.
As seen in Figure 14, it is worth mentioning that the observed
luminosity–Teff trend (or slope) is well reproduced by the theory,
and that none of our sources, except for J0033−1521, appears to
be extremely young (i.e., less than 10 Myr). Based on Figure 14,
we provided in Table 7 the likely age and mass ranges for each
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target assuming they are all single and the Baraffe et al. (2003)
models. The quoted age and mass intervals (we adopted 1 M⊙ ∼
1000 MJup) account for the wide variety of feasible ages. The
tracks by Burrows et al. (1993) tend to yield slightly younger
ages and smaller masses than Baraffe et al. (2003); however, the
results agree with those of Table 7 at the 1-σ level, and the con-
clusions of this paper do not change if any of these models is
used.
J0045+1634, J0355+1133, J0501−0010, G 196−3B,
J1726+1538, and J2208+2921 have ages between ≈10 and
≈500 Myr and masses ranging from 0.011 to 0.045 M⊙, while
J0241−0326, J1022+5825, and J1552+2948 are characterized
by their older ages (≥500 Myr) and higher masses (typically
≥0.050 M⊙). The former group of objects thus consist of
low-mass brown dwarfs or sources close to the planet borderline
with typical ages of ≈50 Myr (J0045+1634, G 196−3B, and
J2208+2921) and ≈120 Myr (J0355+1133, J0501−0010, and
J1726+1538). For the compatibility between the spectroscopic
lithium observations and these results see Section 5.3. If any
object in the sample were an equal-mass binary, its luminosity
would decrease by 0.3 dex in Figure 14 and its age would
increase up significantly. However, various radial velocity and
high spatial resolution imaging works in the literature (see
also Section 5.5) have not revealed the presence of a second,
massive object in relatively close orbits around J0045+1634,
J0355+1133, J1726+1538, and J2208+2921 (Reid et al.
2001, 2006; Bouy et al. 2003; Bernat et al. 2010; Blake et al.
2010; Stumpf et al. 2010). Our age estimate for J0355+1133
(120 +380
−70 Myr) extracted from the HR diagram of Figure 14
is in full agreement with the age determination (50–150 Myr)
of Faherty et al. (2012) based on the likely membership of
the L5 dwarf in the young AB Doradus moving group (also
see Liu et al. 2013b). In addition, the derived age range of
G 196−3B (50 +450
−40 Myr) overlaps with the results dynamically
inferred by Zapatero Osorio et al. (2010), where it was shown
that the L3 dwarf may have been related to the clusters α Persei
(more likely about 85 Myr ago) or Collinder 65 (about 20–30
Myr ago). This adds support to our method of analysis.
As explained in Kirkpatrick (2005) and Cruz et al. (2009),
the β and γ appended to the L subtypes indicate intermediate-
and very low-gravity spectra, respectively. Based on evolution-
ary models, the lower the atmospheric gravity the younger age
and/or smaller mass (Burrows et al. 1993; Baraffe et al. 2003).
However, there is no strong correlation between the β/γ clas-
sification and the ages and masses derived for the target sam-
ple. With the Stefan-Boltzmann law we inferred the radii of the
targets, and using the equation of gravity and the masses pre-
viously derived, we obtained their surface gravities. The results
are listed in Table 7. The uncertainties associated with the radii
take into account the errors in luminosity and Teff . As for the
surface gravities, we provide the probable gravity ranges con-
sidering the errors in the radii and the mass intervals of the tar-
gets. All ten dwarfs have radii between 9% and 19% the size
of the Sun and intermediate-to-high surface gravities (log g ∼
4.0–5.5 cm s−2) as expected for compact low-mass objects. We
conclude that about 60–70% of the sample has most likely ages
in the interval ∼10–500 Myr and intermediate surface gravities
(log g ≈ 4.5 cm s−2). Therefore, their spectra can be used as a
reference for intermediate-gravity cool atmospheres of L types.
If we adopt a gravity classification as follows: very low gravity
accounts for log g< 4.5, intermediate for 4.5≤ log g< 5.0, and
high (or “field”) for log g ≥ 5.0 (cm s−2), there is an overall
consistency with the results of Allers & Liu (2013) summarized
in Table 2. Only J0241−0326 and J1552+2948 have differing
“gravity class” assignments: While Allers & Liu (2013) argued
that these two dwarfs have very low and intermediate gravities,
respectively, we found values closer to log g≈ 5.1–5.5 (cm s−2),
which agrees with a mass above the lithium burning boundary
and the actually observed lithium depletion in their atmospheres.
5.3. Lithium and deuterium
Chabrier & Baraffe (1997) argued that, for solar metallicity,
50% of Li i is burned in a dwarf of 0.055 M⊙. Since then,
this mass value has been used as the minimum burning mass
for Li i. Inspection of more recent models by the same group
(Chabrier et al. 2000a; Baraffe et al. 2002) reveals that a 0.055-
M⊙ brown dwarf has depleted 50% of its lithium content at
the age of 500 Myr, and about 60% at 1 Gyr. Brown dwarfs
more massive than 0.055 M⊙ burn Li efficiently at ages be-
low a few hundred Myr. At the age of 120 Myr, the Li de-
pletion boundary is located at the substellar borderline (0.072
M⊙, see Rebolo et al. 1996; Stauffer et al. 1998; Martín et al.
1998). Chabrier & Baraffe (1997) also pointed out that increas-
ing metallicity yields more efficient depletion; the Li minimum
burning mass is thus shifted to lower and higher masses for
metal-rich and metal-poor dwarfs, respectively.
Given our estimated masses and ages from Section 5.2 (af-
ter the assumption that all objects are single), three dwarfs
(J0241−0326, J1022+5825, and J1552+2948) should have de-
pleted Li severely and should not show the associated absorption
feature at 670.8 nm in their optical spectra. This fact agrees with
our GTC spectroscopic observations and the results from the
literature: Cruz et al. (2009) were able to set strong constraints
(pEW < 2 Å) on the presence of lithium in the atmospheres of
these three dwarfs; such upper limit in pEW lies well below the
Li imedian strength (pEW ∼ 4–5 Å) for spectral types L1–L2 as
illustrated in Figure 7 of Kirkpatrick et al. (2000).
The remaining seven dwarfs in our sample have estimated
masses typically below the lithium burning mass limit; there-
fore, they should have preserved a significant amount of their
primordial lithium stock. Indeed, our GTC spectra and the spec-
tra available in the literature (Rebolo et al. 1998; Cruz et al.
2009, and references therein) do confirm the presence of strong
lithium lines in all seven but J0033−1521. Cruz et al. (2009) pro-
vided an upper limit of pEW < 1 Å on the Li i line strength of
J0033−1521, which was based on the good quality Keck spec-
trum available for this L4 dwarf. Furthermore, its optical spec-
trum does not have the strong VO bands seen in other low-
gravity L0 and L1 dwarfs, which may indicate an age higher
than the one inferred from the HR diagram. The lack of lithium,
the shape of the optical spectral features and the position of
J0033−1521 in the HR diagram of Figure 14 cannot be rec-
onciled. Either our parallax and/or Teff (spectral type) deter-
minations are mistaken (warmer temperature and/or closer dis-
tance would be needed) and/or the dwarf is a multiple system of
similar mass components. The PARSEC project of Andrei et al.
(2011) will provide an independent parallax measurement for
J0033−1521. Regarding the multiple nature of this dwarf, very
little information is found in the literature. Bouy et al. (2003) and
Gizis et al. (2003) discarded the presence of massive compan-
ions at projected separations >0′′.6 (or 2.4 AU at the distance of
the source) using HST high-spatial resolution images. Our anal-
ysis of the astrometric data did not reveal any periodic variation
due to the presence of a massive companion in orbital periods
of 76–1095 d. Interestingly, the spectral type of J0033−1521 ob-
tained from the near-infrared wavelengths is L1 (Allers & Liu
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2013), three subtypes earlier than the optical classification. This
has an impact in the Teff derivation, making the object about
400 K warmer and shifting it to older ages (50–1000 Myr) and
higher masses (0.025–0.072 M⊙) in the HR diagrams, in bet-
ter agreement with the spectroscopic observations. Furthermore,
Allers & Liu (2013) discussed that J0033−1521 shows no signs
of youth in any near-infrared band, and they classified it as a
high-gravity dwarf.
The deuterium burning-mass limit at around 12 MJup
(Burrows et al. 1993; Saumon et al. 1996; Chabrier & Baraffe
1997; Chabrier et al. 2000b) is widely used to separate brown
dwarfs and planets. Similarly to the lithium test, the deuterium
test was proposed as a way to determine the age and/or mass of
very young low-mass objects (Béjar et al. 1999). Sources with
masses above the deuterium burning-mass boundary efficiently
burn this element in time scales of less than 50 Myr. A few ob-
jects in our sample may have a mass close to this borderline
and an age short enough for deuterium to be present in their at-
mospheres: J0045+1634, G 196−3B, and J2208+2921 (see Fig-
ure 14). If they are confirmed to be single dwarfs with a mass
of ≈15 MJup, these three sources, particularly the nearest ones
(J0045+1634 and G 196−3B) would become promising candi-
dates in the nearby field to search for deuterated molecules that
independently confirm their low mass and young age. We note,
however, that according to the deuterium burning curves com-
puted by Chabrier et al. (2000b), they may have depleted this
element by a factor of around 100 at the age of ∼50 Myr, thus
making the “deuterium” observations challenging.
5.4. Space velocities
Membership in stellar moving groups may also help con-
strain/confirm the ages of our sample targets. In addition to par-
allax and proper motion, radial velocity is a fundamental ingre-
dient to estimate the three components of the Galactic space ve-
locity, U, V , and W. Spectroscopic radial velocities are available
in the literature for J0045+1634, J0355+1133, J1022+5825, and
J1552+2948 (Blake et al. 2007, 2010; Seifahrt et al. 2010). As
explained in Zapatero Osorio et al. (2010), G 196−3B has no ra-
dial velocity measurement, but Basri et al. (2000) obtained a ve-
locity for the primary star, which is the value we used in this pa-
per. We applied the equations by Johnson & Soderblom (1987)
to derive the UVW velocities listed in Table 8 and displayed in
Figure 15. The uncertainties associated to all three Galactic ve-
locities come from the proper motion, parallax, and radial ve-
locity error bars. With the only exception of J1022+5825, the
space velocities of the remaining L dwarfs are consistent with
the Galaxy young disk kinematics according to the classifica-
tion made by Eggen (1990) and Leggett (1992). The UVW ve-
locities of J1022+5825 reported here differ from those given
by Seifahrt et al. (2010), Blake et al. (2010), and Allers & Liu
(2013) because of our larger proper motion measurement (see
Section 4.2). Nevertheless, the high velocities suggest that
this dwarf may kinematically belong to the old population of
the Galaxy (Leggett 1992), which agrees with the results of
Blake et al. (2010). As indicated in Table 7, we estimated an age
range of 100–1000 Myr for J1022+5825, implying that accord-
ing to its location in the HR diagram, this dwarfs is not very old.
It might have been ejected at a high velocity from its original
birth place, or it might have gained high velocity through dy-
namical interactions/encounters with other massive objects, in
which case the space velocity analysis is not representative of
the dwarf age.
Table 8. Space velocities.
Object SpT U V W
(km s−1) (km s−1) (km s−1)
J0045+1634 L2β −24.9±1.3 −15.5±1.0 −5.1±0.6
J0355+1133 L5γ −5.5±0.5 −26.4±1.0 −15.4±0.8
G 196–3B L3β −10.8±1.7 −25.3±2.8 −5.2±1.5
J1022+5825 L1β −79.1±2.0 −81.3±2.4 −1.8±1.6
J1552+2948 L0β −9.2±0.9 −22.4±0.7 −5.0±0.4
Figure 15 also illustrates the ellipsoids corresponding to
well-known young stellar moving groups of the solar neigh-
borhood (data from Zuckerman & Song 2004; Torres et al.
2008). Our data confirm the claims by Faherty et al. (2012),
Zapatero Osorio et al. (2010), and Gagné et al. (2014) that
J0355+1133, G 196−3B, and J0045+1634 are likely members
of the young AB Doradus, Local Association, and Argus moving
groups, respectively. AB Doradus (∼70–120 Myr, Luhman et al.
2005) is one of the closest moving groups to the Sun, while
the Argus Association, including IC 2391 (ages ranging from 30
through 250 Myr, Makarov & Urban 2000), lies on average more
distant from the Sun but some of its members are within 70 pc
(see Zuckerman et al. 2011). Gagné et al. (2014) also discussed
that G 196−3B has a high probability of being an AB Doradus
member and that J2208+2921 possibly belongs to the β Pictoris
moving group (∼20 Myr, Binks & Jeffries 2014). The member-
ships of J0045+1634, J0355+1133, G 196−3B, and J2208+2921
in the aforementioned young moving groups agree with the age
estimations given in Table 7.
As seen in Figure 15, the space velocities of J1552+2948
point to its likely membership in the Local Association group,
a coherent kinematic stream of young stars (all below 300 Myr,
Eggen 1992) with embedded clusters and associations such as
the Pleiades (120 Myr), α Persei (50–80 Myr), and IC 2602 (∼70
Myr). Only the oldest ages are barely compatible with the posi-
tion of this dwarf in Figure 14 and the age range provided in
Table 7. Similarly, Gagné et al. (2014) argued that J0241−0326
is a likely member of the ∼30-Myr Tucana-Horologium moving
group. The lack of lithium and our age estimation are not con-
sistent with such a young age for the L0 dwarf.
5.5. Astrometric companions
The multi-epoch astrometric residuals were examined for any
periodic perturbations that might reveal unseen companions. If
any candidate is found, the characterization of its orbital param-
eters would require additional observations. We note, however,
that the observing strategy was optimized for the parallax deriva-
tions.
The OMEGA2000 astrometric residuals of each L dwarf
were subjected to a time-series analysis using the Lomb-Scargle
(Scargle 1982) and the Plavchan (Plavchan et al. 2008) peri-
odograms6. The later method is useful to detect periodic time-
series patterns that are not well described by the Lomb-Scargle
algorithm, e.g., large eccentricity orbits that clearly deviate from
a sinusoidal-shaped periodic signal. The periodograms were
computed for α and δ separately. We explored frequencies up
to two times the effective Nyquist frequency, i.e., periods be-
tween 38–97 d and 1095 d. The periods investigated for each
6 We used our codes and the codes pro-
vided by the NASA Exoplanet Archive:
http://exoplanetarchive.ipac.caltech.edu/cgi-bin/Periodogram/nph-simpleupload
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Fig. 15. Galactic space velocities of some L dwarfs in our sample (filled dots). Note that J1022+5825 lies beyond the limits of the plots and is
not shown. Error bars are shown (some are of the same size as the symbols). Overplotted are the ellipsoids of known young star associations and
moving groups. Galactocentric U velocity is positive toward the Galactic center.
target are shown in Table 7. The lower period limit is differ-
ent from dwarf to dwarf, and it mostly depends on the number
of monthly data points available per object: the larger the data
number, the smaller the lower period limit that can be searched.
The longest period considered was three years, nearly the obser-
vational baseline. If any companion is present, its signal must
appear at the same frequency/period in both dα and dδ, unless
the inclination of the orbit is close to 90◦, in which case a strong
peak happens in only one coordinate. Observations were taken
typically one per month, and the sinusoidal parallax pattern re-
peats itself annually; these two effects may produce false peaks
in the periodograms at frequencies around 30 d and 1 yr and their
corresponding harmonics.
We found no significant peaks in the periodograms cal-
culated for the sample, except for G 196−3B, whose Lomb-
Scargle and Plavchan periodograms are shown in Figure 16.
Both algorithms yielded very similar peaks at 228.46 d (Lomb-
Scargle) and 233.88 d (Plavchan), although the confidence that
this peak is real is only 87%. To have a third determination of
G 196−3B’s periodogram, we also executed the clean algorithm
of Roberts et al. (1987) by using a low gain of 0.1 and a mod-
erate number of iterations (5). This algorithm basically decon-
volves the spectral window from the discrete Fourier power spec-
trum. The “cleaned” periodogram, which has a peak at around
222 d, is shown in Figure 16 in comparison with the Lomb-
Scargle power spectrum. Coincidentally, G 196−3B shows the
largest astrometric residuals scatter in the sample of L dwarfs
(Table 7). The uncertainty of the Lomb-Scargle period is ±14
d, which comes from the FWHM of the peak. The signal of the
peaks appears only in α and is likely diluted in δ; as discussed in
Section 4.1, our astrometric data have better precision in α than
in δ. Figure 17 shows the dα residuals of G 196−3B folded over
the 228.46-d period; the OMEGA2000 data show a distinctive
pattern that is also followed by the NOTCam astrometry within
the quoted uncertainties. The amplitude of the astrometric signal
is about 11 mas.
The detailed interpretation and analysis of the 228.46-d pe-
riod is beyond the scope of this paper. There are several fac-
tors that may contribute to the astrometric signal (activity, pul-
sations, enhanced aliases, uncontrolled systematics, ...), one is
the presence of a companion in which case the observed peri-
odicity is the reflex motion of the primary. Given the measured
parallax and the reflex displacement, we estimated that the mini-
mum separation between the putative components of G 196−3B
would be 0.27 AU for an equal-mass binary. If confirmed with
further observations, G 196−3 would turn out to be a young mul-
tiple system formed by a low mass star and a binary substel-
lar companion. Multiple systems where two close brown dwarfs
orbit stars are already known in the solar neighborhood (e.g.,
GJ 569Bab, Martín et al. 2000; Zapatero Osorio et al. 2004, and
ǫ Ind B, Volk et al. 2003; McCaughrean et al. 2004). Current di-
rect imaging techniques do not have the capability to resolve
G 196−3B at the distance of the system; radial velocity obser-
vations, on the other hand, are feasible and highly required to
confirm or discard the 228.46-d period. Because we cannot rule
out any uncontrolled systematics (e.g., the 228.64-d period cor-
responds to a factor of 2.5 the Nyquist wavelength), G 196−3B
is not to be considered a binary until follow-up spectroscopic ob-
servations are available. López-Martí & Zapatero Osorio (2014,
submitted) studied the OMEGA2000 photometric light curve of
G 196−3B finding that this dwarf is variable in time scales of
months, which may impact the astrometry.
5.5.1. Minimum detectable mass of astrometric companions
We estimated the minimum mass of companions around the re-
maining L dwarfs as well as around G 196−3B that could have
been detected in our study by assuming the primary masses dis-
cussed in Section 5.2 (Table 7), the absolute parallaxes derived
in Section 4.1, a circular and face-on orbit (for simplicity), and
the mass function given by the equation:
Mc
(M + Mc)2/3
=
1
P2/3
∆(dα)
π
(3)
where the masses are in solar units (Mc and M are the minimum
detectable mass of the companion and the mass of the primary,
respectively), P is the period in years (1095 d in our study), and
∆(dα) is the minimum detectable astrometric perturbation. We
did not attempt to derive the minimum detectable mass of an
astrometric companion around J0033−1521 because of the dis-
agreement between our age determination and the spectroscopic
observations (see Section 5.3). At the 1-σ level, we adopted the
scatter of the residuals of each target as the minimum detectable
perturbation; this is a conservative assumption since it has been
indicated that a signal must be about 92% of the magnitude
of the average residual in order to be detected (Bartlett 2007;
Bartlett et al. 2009). Table 7 provides the minimum masses of
the companions for each target. Globally, the astrometric data
of eight dwarfs in the sample (all except for J1022+5825 and
G 196−B, see Table 7) do not show evidence for companions
more massive than ∼15 MJup at the largest investigated periods.
At shorter orbital periods, the minimum masses increase with
P−2/3.
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Fig. 16. Periodograms computed from the dα astrometric residuals of G 196−3B (only OMEGA2000 data). The highest peaks are found at 228.46 d
(left panel, solid line, Lomb-Scargle algorithm, Scargle 1982) and 233.88 d (right panel, Plavchan algorithm, Plavchan et al. 2008). The “cleaned”
periodogram produced by the algorithm of Roberts et al. (1987) and normalized to the Lomb-Scargle peak power is plotted as a dotted line in the
left panel.
Noteworthy are the minimum mass constraints of any pu-
tative companions around J0355+1133 and J0501−0010, which
we estimated at 2.4 and 4.7 MJup for orbits of 1095 d. More mas-
sive planets up to 12 MJup can be discarded for shorter orbital pe-
riods down to∼135 d (J0355+1133) and ∼ 380 d (J0501−0010).
Using aperture masking interferometry and laser guide star adap-
tive optics of the 200-inch telescope on the Palomar Observa-
tory, Bernat et al. (2010) reported the detection of a companion
candidate around J0355+1133 at separation 82.5 mas and 2.1:1
contrast in the Ks-band, suggesting that both companion and
primary have similar masses. At the distance of J0355+1133,
the projected physical separation would result in 0.74 AU, and
each component would have a mass of about 0.04–0.05 M⊙ (af-
ter splitting the object luminosity into two sources in Fig. 14),
implying and orbital period of ≥2 yr. The small dispersion of
J0355+1133’s astrometric residuals in α (Table 7) during three
consecutive years of observations hints at a mass ratio q < 0.1,
which is not consistent with Bernat et al. (2010) finding. Yet,
our astrometric results would be compatible with Bernat et al.
(2010) candidate if the orbital period of the putative binary were
beyond the limits of our study or the inclination of the orbit is
such that its astrometric projection mainly lies along the Decli-
nation axis. Other searches for companions around J0355+1133
based on Hubble Space Telescope (HST) high-spatial resolu-
tion imaging and radial velocity measurements (Reid et al. 2006;
Blake et al. 2010) yielded no companion candidate detection.
6. Summary and conclusions
Using J- and Ks-band imaging data obtained with a typical ca-
dence of one month over a time scale of nearly three years
between 2010 January and 2012 December, we derived the
trigonometric parallaxes and proper motions for a sample of ten
field L dwarfs (L0–L5) from the catalog of Cruz et al. (2009),
whose spectral features and red near- and mid-infrared colors
are indicative of low-gravity atmospheres. The sample repre-
sents 44% of Cruz et al. (2009) objects. Parallaxes and proper
motions were measured with typical accuracies of 1–4 mas
Fig. 17. Astrometric residuals curve of G 196−3B folded in phase using
the period of 228.46 d. OMEGA2000 data are depicted with solid dots,
and NOTCam data are plotted as open circles. Two cycles are shown.
and ∼10 mas yr−1. All ten sources are located at nearby dis-
tances, between 9 and 47 pc, and show significant proper mo-
tion (µ ≥70 mas yr−1). To put our sources in context, we built
various magnitude–spectral type diagrams and the luminosity–
temperature plane by obtaining absolute magnitudes, luminosi-
ties, and effective temperatures from our trigonometric paral-
laxes and the observed photometry available in the literature. Our
sample of “young” L dwarfs was compared with the recent cata-
log of late-M–L–T objects by Dupuy & Liu (2012) in the MJ and
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MKs versus spectral type planes, finding that all of our sources lie
along the field sequence of “high-gravity” dwarfs or between the
sequences defined by the 3-Myr σ Orionis cluster and the field,
as expected for young ages. This result contrasts with the latest
studies by Faherty et al. (2012, 2013), who announced that a sig-
nificant fraction of “young” field L dwarfs are underluminous by
0.2–1.0 mag at MJ , MH , and MK bands. There are two objects
(J0501−0010 and J0355+1133) in common with Faherty et al.
(2012, 2013); our distances are larger than those obtained by
these authors, thus making the two L dwarfs brighter in MJ and
MKs than previously reported. Young, red L dwarfs may appear
fainter at short wavelengths and brighter at long ones; this effect
arises from their very red colors (indicative of rather dusty atmo-
spheres or, less likely, the presence of disks) and not from their
net integrated luminosity.
To estimate the likely ages and masses of the sample, all ten
sources were placed in the HR diagram and their positions were
compared to solar metallicity stellar and substellar evolutionary
models. Assuming that our targets are single, we determined
that six out of ten (J0045+1634, J0355+1133, J0501−0010,
G 196−3B, J1726+1538, and J2208+2921) have likely ages and
masses in the intervals ≈10–500 Myr and ≈11–45 MJup, respec-
tively, thus supporting their young-to-intermediate age and sub-
stellar nature. According to the lithium depletion curves of the
evolutionary models, all six dwarfs must have preserve signifi-
cant amounts of lithium in their atmospheres. Our spectroscopic
observations obtained at optical wavelengths with a spectral res-
olution of about R ∼ 300 confirmed the presence of strong
Li i absorption at 670.8 nm in J0045+1634 (for which only an
upper limit on the strength of the atomic line was reported in
the literature), J0355+1133, and G 196−3B. Cruz et al. (2009)
presented the lithium detection in the spectra of J0501−0010,
J1726+1538, and J2208+2921. Therefore, lithium observations
and our mass and age derivations are consistent with each other.
There is one exception, J0033−1521, which has no lithium ab-
sorption despite its location in the HR diagram indicating an
age below 10 Myr and a very low mass. The near-infrared spec-
tral type of J0033−1521 suggests that this dwarf is significantly
warmer than typical L4 dwarfs, thus bringing all independent
observations of J0033−1521 into better agreement. The remain-
ing three dwarfs in the sample (J0241−0326, J1022+5825, and
J1552+2948) have locations in the HR diagram indicative of
ages older than 500 Myr and masses above the lithium burning-
mass limit. This is consistent with the lack of lithium absorption
observed in their optical spectra. The H-band peaked-shape seen
in the spectra of many of our targets indicates that this particular
spectral feature, which is a signpost of youth, may persist up to
ages of ≈120–500 Myr and intermediate-to-high gravities.
Finally, our multi-epoch astrometric data (dα) were explored
for any periodic signal that might reveal unseen companions. For
most targets we were able to set the minimum detectable mass
of any possible astrometric companion in face-on, circular orbits
with periods between ∼60–90 d and 3 yr. No candidates more
massive than typically ∼25 MJup were found around any of the
targets. A tentative signal is, however, observed in G 196−3B,
which deserves further data for confirmation.
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Table 1. List of targets and infrared photometry.
Object SpTa Jb Ksb W1c W2c W3c [3.6]d [4.5]d [5.8]d [8.0]d
(mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
2MASS J00332386−1521309 L4β 15.29±0.06 13.41±0.04 12.80±0.03 12.48±0.03 11.89±0.25 12.54±0.02 12.48±0.02 12.21±0.03 12.04±0.03
2MASS J00452143+1634446e L2β 13.06±0.02 11.37±0.02 10.77±0.02 10.39±0.02 9.74±0.04
2MASS J02411151−0326587 L0γ 15.80±0.06 14.04±0.05 13.64±0.03 13.26±0.03 12.77±0.42 13.39±0.02 13.24±0.02 13.04±0.03 12.77±0.03
2MASS J03552337+1133437 L5γ 14.05±0.02 11.53±0.02 10.53±0.02 9.94±0.02 9.29±0.04
2MASS J05012406−0010452f L4γ 14.98±0.04 12.96±0.04 12.05±0.02 11.52±0.02 10.95±0.11 11.77±0.02 11.52±0.02 11.22±0.03 11.03±0.03
G 196–3Bg L3β 14.83±0.05 12.78±0.03 11.66±0.02 11.47±0.04 11.10±0.06 10.93±0.04
2MASS J10224821+5825453 L1β 13.50±0.03 12.16±0.03 11.76±0.02 11.50±0.02 11.20±0.11
2MASS J15525906+2948485 L0β 13.48±0.03 12.02±0.03 11.54±0.02 11.21±0.02 10.66±0.05
2MASS J17260007+1538190 L3β 15.67±0.07 13.66±0.05 13.07±0.03 12.69±0.03 11.56±0.16 12.76±0.02 12.64±0.02 12.41±0.03 12.20±0.03
2MASS J22081363+2921215 L3γ 15.80±0.09 14.15±0.07 13.35±0.03 12.89±0.03 13.08±0.02 12.89±0.02 12.62±0.03 12.33±0.03
Notes. (a) Based on optical spectra from Cruz et al. (2009). As also explained in Kirkpatrick (2005), the β and γ appended to the L subtypes indicate
intermediate- and very low-gravity spectra, respectively. (b) 2MASS photometry (Skrutskie et al. 2006). (c) WISE photometry. (d) Spitzer photom-
etry. (e) W4= 8.42±0.26 mag. Other sources are not detected in the W4 filter. (f) Spitzer [24]= 10.78±0.15 mag. (g) Spitzer [24]= 10.55±0.10
mag.
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Table 3. Log of the astrometric observations.
Object Obs. date Exposure FWHM Instrument Filter Comment
(s) (”)
J0033−1521 2010 Jan 31 6×25×2 1.4 OMEGA2000 Ks
2010 Jun 04 4×9×60 0.8 NOTCam J
2010 Jun 26 6×25×2 1.2 OMEGA2000 Ks
2010 Jul 13 4×9×60 0.8 NOTCam J
2010 Sep 17 252×2 0.6 LIRIS Ks
2010 Sep 29 3×9×60 1.0 NOTCam J
2010 Oct 30 3×9×60 0.8 NOTCam J
2011 Aug 13 6×25×2 1.2 OMEGA2000 Ks
2011 Sep 09 6×25×2 1.5 OMEGA2000 Ks
2011 Oct 13 6×25×2 0.8 OMEGA2000 Ks
2011 Oct 13 2×9×60 1.4 NOTCam J
2011 Nov 12 12×25×2 1.2 OMEGA2000 Ks Clouds
2011 Dec 03 4×9×60 1.4 NOTCam J
2012 Jan 08 3×9×60 0.7 NOTCam J
2012 Jan 11 6×25×2 0.5 OMEGA2000 Ks
2012 Jul 02 12×25×2 1.8 OMEGA2000 Ks
2012 Jul 04 6×25×2 1.2 OMEGA2000 Ks
2012 Jul 28 6×25×2 1.4 OMEGA2000 Ks
2012 Sep 05 6×25×2 1.4 OMEGA2000 Ks
2012 Oct 01 6×25×2 1.0 OMEGA2000 Ks
2012 Dec 30 6×25×2 0.9 OMEGA2000 Ks
J0045+1634 2010 Jan 31 6×31×1.62 1.1 OMEGA2000 Ks
2010 Jun 26 6×30×1.62 1.0 OMEGA2000 Ks
2010 Jul 13 3×9×60 0.7 NOTCam J
2010 Sep 29 3×9×60 0.8 NOTCam J
2010 Oct 31 3×9×60 0.7 NOTCam J
2011 Jun 14 7×30×1.62 1.3 OMEGA2000 Ks
2011 Jul 17 7×30×1.62 0.9 OMEGA2000 Ks
2011 Aug 13 7×30×1.62 1.1 OMEGA2000 Ks
2011 Sep 09 7×30×1.62 1.2 OMEGA2000 Ks
2011 Oct 13 6×25×2 0.8 OMEGA2000 Ks
2011 Oct 13 7×30×1.62 0.8 OMEGA2000 Ks
2011 Oct 13 3×9×60 0.8 NOTCam J
2011 Nov 12 7×30×1.62 1.2 OMEGA2000 Ks Clouds
2011 Dec 03 4×9×60 1.2 NOTCam J
2012 Jan 08 3×9×60 0.8 NOTCam J
2012 Jan 11 7×30×1.62 0.7 OMEGA2000 Ks
2012 Jun 04 7×30×1.62 1.1 OMEGA2000 Ks
2012 Jun 06 7×30×1.62 1.2 OMEGA2000 Ks
2012 Jun 30 7×30×1.62 1.7 OMEGA2000 Ks
2012 Jul 02 7×30×1.62 1.7 OMEGA2000 Ks
2012 Jul 04 7×30×1.62 1.0 OMEGA2000 Ks
2012 Jul 28 7×30×1.62 1.0 OMEGA2000 Ks
2012 Sep 05 7×30×1.62 1.1 OMEGA2000 Ks
2012 Oct 01 7×30×1.62 1.3 OMEGA2000 Ks
2012 Dec 30 7×30×1.62 1.0 OMEGA2000 Ks
J0241−0326 2010 Jan 30 6×25×2 1.0 OMEGA2000 Ks
2010 Sep 29 3×9×60 0.8 NOTCam J
2010 Oct 31 4×9×60 0.7 NOTCam J
2011 Aug 13 6×25×2 1.1 OMEGA2000 Ks
2011 Sep 09 6×25×2 1.6 OMEGA2000 Ks
2011 Oct 13 6×25×2 0.8 OMEGA2000 Ks
2011 Oct 14 3×9×60 1.6 NOTCam J
2011 Nov 12 12×25×2 1.4 OMEGA2000 Ks Clouds
2011 Dec 03 4×9×60 1.3 NOTCam J
2012 Jan 08 3×9×60 0.6 NOTCam J
2012 Jan 11 6×25×2 1.0 OMEGA2000 Ks
2012 Mar 05 6×25×2 1.6 OMEGA2000 Ks
2012 Jul 28 6×25×2 1.5 OMEGA2000 Ks
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Table 3. Continued.
Object Obs. date Exposure FWHM Instrument Filter Comment
(s) (”)
2012 Sep 05 6×25×2 0.9 OMEGA2000 Ks
2012 Oct 01 6×25×2 1.0 OMEGA2000 Ks
2012 Dec 30 6×25×2 1.2 OMEGA2000 Ks
J0355+1133 2010 Jan 30 6×25×2 0.8 OMEGA2000 Ks
2010 Feb 23 6×25×2 1.4 OMEGA2000 Ks
2010 Sep 17 232×2 0.7 LIRIS Ks
2010 Sep 29 3×9×60 0.8 NOTCam J
2010 Oct 31 3×9×60 0.6 NOTCam J
2011 Mar 19 6×25×2 1.0 OMEGA2000 Ks
2011 Aug 13 6×25×2 1.3 OMEGA2000 Ks
2011 Sep 09 5×25×2 1.6 OMEGA2000 Ks
2011 Oct 13 6×25×2 0.8 OMEGA2000 Ks
2011 Nov 12 12×25×2 1.3 OMEGA2000 Ks Clouds
2011 Dec 04 4×9×60 1.2 NOTCam J
2011 Dec 19 6×25×2 1.4 OMEGA2000 Ks Clouds
2012 Jan 08 3×9×60 0.6 NOTCam J
2012 Jan 11 6×25×2 1.0 OMEGA2000 Ks
2012 Mar 05 6×25×2 1.2 OMEGA2000 Ks
2012 Apr 08 6×25×2 1.4 OMEGA2000 Ks
2012 Jul 28 12×25×2 1.5 OMEGA2000 Ks
2012 Sep 05 6×25×2 1.1 OMEGA2000 Ks
2012 Oct 01 6×25×2 1.0 OMEGA2000 Ks
2012 Dec 30 6×25×2 1.2 OMEGA2000 Ks
J0501−0010 2010 Jan 30 6×25×2 0.9 OMEGA2000 Ks
2010 Feb 23 6×25×2 1.6 OMEGA2000 Ks
2010 Sep 17 240×2 0.6 LIRIS Ks
2010 Sep 29 3×9×60 0.8 NOTCam J
2010 Oct 31 3×9×60 0.7 NOTCam J
2011 Mar 19 6×25×2 1.0 OMEGA2000 Ks
2011 Sep 09 6×25×2 1.1 OMEGA2000 Ks
2011 Oct 14 6×25×2 0.9 OMEGA2000 Ks
2011 Oct 14 72×20s 1.0 NOTCam J
2011 Nov 13 12×25×2 1.3 OMEGA2000 Ks Clouds
2011 Dec 04 2×9×60 2.6 NOTCam J
2011 Dec 19 6×25×2 1.6 OMEGA2000 Ks Clouds
2012 Jan 08 3×9×60 0.7 NOTCam J
2012 Jan 11 6×25×2 1.0 OMEGA2000 Ks
2012 Mar 05 6×25×2 1.2 OMEGA2000 Ks
2012 Apr 05 6×25×2 1.9 OMEGA2000 Ks Clouds
2012 Apr 07 12×25×2 1.9 OMEGA2000 Ks Variable seeing
2012 Apr 08 6×25×2 1.4 OMEGA2000 Ks
2012 Sep 05 6×25×2 1.2 OMEGA2000 Ks
2012 Oct 02 6×25×2 0.8 OMEGA2000 Ks
2012 Dec 30 6×25×2 1.3 OMEGA2000 Ks
G 196−3B 2010 Jan 30 6×31×1.62 0.9 OMEGA2000 Ks
2010 Feb 23 6×31×1.62 1.8 OMEGA2000 Ks
2010 Mar 26 6×30×1.62 0.9 OMEGA2000 Ks Clouds
2010 Apr 25 5×30×1.62 0.8 OMEGA2000 Ks
2010 Apr 29 3×9×60 0.8 NOTCam J
2010 May 24 6×30×1.62 1.8 OMEGA2000 Ks Slightly out of focus
2010 Jun 03 3×9×60 0.7 NOTCam J
2010 Jun 25 7×30×1.62 1.2 OMEGA2000 Ks
2010 Jul 12 3×9×60 1.0 NOTCam J
2010 Oct 31 3×9×60 0.7 NOTCam J
2011 Mar 16 7×30×1.62 2.1 OMEGA2000 Ks
2011 Apr 20 7×30×1.62 1.5 OMEGA2000 Ks
2011 Apr 23 7×30×1.62 1.6 OMEGA2000 Ks Poor quality
2011 May 14 7×30×1.62 0.8 OMEGA2000 Ks
2011 Jun 13 7×30×1.62 1.1 OMEGA2000 Ks
2011 Oct 14 7×30×1.62 0.8 OMEGA2000 Ks
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Table 3. Continued.
Object Obs. date Exposure FWHM Instrument Filter Comment
(s) (”)
2011 Dec 19 7×30×1.62 1.6 OMEGA2000 Ks
2012 Jan 08 3×9×60 0.6 NOTCam J
2012 Jan 12 7×30×1.62 1.4 OMEGA2000 Ks
2012 Feb 11 7×30×1.62 1.3 OMEGA2000 Ks
2012 Mar 03 4×9×60 0.7 NOTCam J
2012 Mar 06 7×30×1.62 1.6 OMEGA2000 Ks
2012 Apr 05 14×30×1.62 1.7 OMEGA2000 Ks Clouds
2012 May 04 7×30×1.62 1.6 OMEGA2000 Ks
2012 Jun 03 7×30×1.62 1.2 OMEGA2000 Ks
2012 Jun 05 7×30×1.62 0.9 OMEGA2000 Ks
2012 Jun 29 7×30×1.62 1.0 OMEGA2000 Ks
2012 Jul 28 7×30×1.62 1.2 OMEGA2000 Ks
2012 Sep 05 7×30×1.62 1.1 OMEGA2000 Ks
2012 Oct 02 7×30×1.62 1.1 OMEGA2000 Ks
2012 Dec 31 7×30×1.62 0.9 OMEGA2000 Ks
J1022+5825 2010 Jan 30 6×25×2 1.0 OMEGA2000 Ks
2010 Feb 24 6×25×2 1.4 OMEGA2000 Ks
2010 Mar 26 6×25×2 0.8 OMEGA2000 Ks Clouds!
2010 Apr 25 6×24×2 0.8 OMEGA2000 Ks
2010 Apr 29 9×9×30 0.8 NOTCam Ks
2010 May 24 6×25×2 1.6 OMEGA2000 Ks Slightly out of focus
2010 Jun 03 3×9×60 0.7 NOTCam J
2010 Jun 25 6×25×2 1.0 OMEGA2000 Ks
2010 Jul 12 3×9×60 0.9 NOTCam J
2010 Oct 31 3×9×60 0.7 NOTCam J
2011 Mar 19 6×25×2 1.1 OMEGA2000 Ks
2011 Apr 23 6×25×2 1.8 OMEGA2000 Ks Poor quality
2011 May 14 6×25×2 0.9 OMEGA2000 Ks
2011 Jun 13 6×25×2 1.1 OMEGA2000 Ks
2011 Oct 14 6×25×2 0.9 OMEGA2000 Ks
2011 Nov 13 6×25×2 1.3 OMEGA2000 Ks Clouds
2011 Dec 19 6×25×2 1.7 OMEGA2000 Ks Clouds
2012 Jan 09 3×9×60 0.7 NOTCam J
2012 Jan 12 6×25×2 1.3 OMEGA2000 Ks Slightly out of focus
2012 Feb 11 6×25×2 1.3 OMEGA2000 Ks
2012 Mar 04 3×9×60 0.8 NOTCam J
2012 Mar 06 6×25×2 1.7 OMEGA2000 Ks
2012 Apr 05 5×25×2 1.5 OMEGA2000 Ks Clouds
2012 May 04 6×25×2 1.7 OMEGA2000 Ks
2012 May 06 12×25×2 1.1 OMEGA2000 Ks
2012 Jun 03 6×25×2 1.1 OMEGA2000 Ks
2012 Jun 05 6×25×2 1.0 OMEGA2000 Ks
2012 Jun 29 6×25×2 1.0 OMEGA2000 Ks
2012 Jul 28 6×25×2 1.3 OMEGA2000 Ks
2012 Oct 02 6×25×2 1.1 OMEGA2000 Ks
2012 Dec 31 6×25×2 0.8 OMEGA2000 Ks
J1552+2948 2010 Jan 31 6×25×2 1.1 OMEGA2000 Ks
2010 Feb 25 6×25×2 1.3 OMEGA2000 Ks
2010 Mar 27 6×25×2 1.0 OMEGA2000 Ks Clouds
2010 Apr 26 6×25×2 1.0 OMEGA2000 Ks
2010 Apr 30 9×9×40 0.7 NOTCam Ks
2010 May 25 6×25×2 1.1 OMEGA2000 Ks
2010 Jun 03 3×9×60 0.6 NOTCam J
2010 Jun 25 6×25×2 0.8 OMEGA2000 Ks
2010 Jul 12 3×9×60 0.7 NOTCam J
2010 Jul 19 6×25×2 1.2 OMEGA2000 Ks
2011 Mar 19 6×25×2 0.9 OMEGA2000 Ks
2011 Apr 20 6×25×2 1.2 OMEGA2000 Ks
2011 May 14 6×25×2 0.9 OMEGA2000 Ks
2011 Jun 13 12×25×2 1.3 OMEGA2000 Ks
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Table 3. Continued.
Object Obs. date Exposure FWHM Instrument Filter Comment
(s) (”)
2011 Jul 14 6×25×2 0.9 OMEGA2000 Ks
2011 Aug 12 6×25×2 1.0 OMEGA2000 Ks
2011 Sep 08 6×25×2 0.9 OMEGA2000 Ks
2011 Oct 13 6×25×2 0.9 OMEGA2000 Ks
2012 Jan 12 6×25×2 1.4 OMEGA2000 Ks Slightly out of focus
2012 Feb 11 6×25×2 1.2 OMEGA2000 Ks
2012 Mar 04 4×9×60 1.0 NOTCam J
2012 Mar 08 6z25×2 1.6 OMEGA2000 Ks
2012 Apr 04 6×25×2 1.3 OMEGA2000 Ks
2012 May 05 6×25×2 1.2 OMEGA2000 Ks Poor quality
2012 Jun 03 5×25×2 0.9 OMEGA2000 Ks
2012 Jun 06 5×25×2 0.9 OMEGA2000 Ks
2012 Jun 29 6×25×2 1.4 OMEGA2000 Ks
2012 Jul 27 6×25×2 1.8 OMEGA2000 Ks
2012 Jul 28 6×25×2 1.1 OMEGA2000 Ks
2012 Sep 04 6×25×2 0.8 OMEGA2000 Ks
2012 Oct 01 6×25×2 0.9 OMEGA2000 Ks
2012 Dec 31 6×25×2 0.8 OMEGA2000 Ks
J1726+1538 2010 Jan 31 6×25×2 1.3 OMEGA2000 Ks
2010 Feb 25 6×25×2 1.4 OMEGA2000 Ks
2010 Mar 28 6×25×2 0.8 OMEGA2000 Ks
2010 Apr 26 6×25×2 1.0 OMEGA2000 Ks
2010 Apr 30 6×9×40 0.7 NOTCam Ks
2010 May 25 6×25×2 1.2 OMEGA2000 Ks
2010 Jun 04 3×9×60 0.6 NOTCam J
2010 Jun 25 6×25×2 0.9 OMEGA2000 Ks
2010 Jul 12 3×9×60 0.8 NOTCam J
2010 Jul 19 6×25×2 1.1 OMEGA2000 Ks
2010 Sep 28 3×9×60 0.8 NOTCam J
2011 Mar 19 6×25×2 1.0 OMEGA2000 Ks
2011 Apr 20 6×25×2 1.3 OMEGA2000 Ks
2011 May 14 6×25×2 0.8 OMEGA2000 Ks
2011 Jun 13 6×25×2 1.2 OMEGA2000 Ks
2011 Jul 14 6×25×2 1.0 OMEGA2000 Ks
2011 Aug 12 6×25×2 1.0 OMEGA2000 Ks
2011 Sep 08 6×25×2 0.9 OMEGA2000 Ks
2011 Oct 13 6×25×2 0.8 OMEGA2000 Ks
2011 Oct 13 4×9×60 0.8 NOTCam J
2011 Nov 12 12×25×2 1.8 OMEGA2000 Ks Clouds
2012 Jan 12 6×25×2 1.5 OMEGA2000 Ks Slightly out of focus
2012 Feb 11 6×25×2 1.2 OMEGA2000 Ks
2012 Mar 08 6×25×2 1.5 OMEGA2000 Ks
2012 Apr 04 6×25×2 1.4 OMEGA2000 Ks
2012 May 05 6×25×2 1.2 OMEGA2000 Ks Poor quality
2012 Jun 04 6×25×2 1.0 OMEGA2000 Ks
2012 Jun 06 6×25×2 1.0 OMEGA2000 Ks
2012 Jun 29 6×25×2 1.6 OMEGA2000 Ks
2012 Jul 27 6×25×2 1.4 OMEGA2000 Ks
2012 Sep 04 6×25×2 0.8 OMEGA2000 Ks
2012 Oct 01 6×25×2 0.8 OMEGA2000 Ks
2012 Dec 31 6×25×2 1.0 OMEGA2000 Ks
J2208+2921 2010 Jan 31 6×25×2 1.1 OMEGA2000 Ks
2010 Apr 30 6×9×40 0.7 NOTCam Ks
2010 May 25 6×25×2 1.6 OMEGA2000 Ks
2010 Jun 04 3×9×60 0.7 NOTCam J
2010 Jun 26 6×25×2 0.7 OMEGA2000 Ks
2010 Jul 13 3×9×60 0.6 NOTCam J
2010 Jul 19 6×25×2 1.2 OMEGA2000 Ks
2010 Sep 16 270×2 0.5 LIRIS Ks
2010 Sep 28 3×9×60 0.7 NOTCam J
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Table 3. Continued.
Object Obs. date Exposure FWHM Instrument Filter Comment
(s) (”)
2010 Oct 30 3×9×60 0.7 NOTCam J
2011 May 14 6×25×2 0.9 OMEGA2000 Ks
2011 Jun 14 6×25×2 1.0 OMEGA2000 Ks
2011 Jul 17 6×25×2 0.7 OMEGA2000 Ks
2011 Aug 13 6×25×2 1.2 OMEGA2000 Ks
2011 Sep 08 6×25×2 0.9 OMEGA2000 Ks
2011 Oct 13 6×25×2 0.9 OMEGA2000 Ks
2011 Oct 13 4×9×60 0.7 NOTCam J
2011 Nov 12 6×25×2 1.2 OMEGA2000 Ks Clouds!
2011 Dec 03 8×9×60 1.0 NOTCam J
2012 Jan 08 3×9×15 0.8 NOTCam J
2012 Jan 11 6×25×2 1.0 OMEGA2000 Ks
2012 Apr 04 6×25×2 1.4 OMEGA2000 Ks
2012 May 05 6×25×2 1.7 OMEGA2000 Ks Poor quality
2012 May 07 6z25×2 1.1 OMEGA2000 Ks
2012 Jun 04 6×25×2 1.1 OMEGA2000 Ks
2012 Jun 06 6×25×2 1.0 OMEGA2000 Ks
2012 Jun 30 6×25×2 1.5 OMEGA2000 Ks
2012 Jul 04 6×25×2 0.8 OMEGA2000 Ks
2012 Jul 28 6×25×2 1.0 OMEGA2000 Ks
2012 Sep 04 6×25×2 1.0 OMEGA2000 Ks
2012 Oct 01 6×25×2 1.1 OMEGA2000 Ks
2012 Dec 30 6×25×2 0.9 OMEGA2000 Ks
2
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Table 5. Relative astrometric measurements.
JD−240000 dα dδ err dα err dδ Air mass UT date Instrument
(mas) (mas) (mas) (mas)
J0033−1521
5228.2694 0.00 0.00 25 25 2.195 2010 Jan 31 OMEGA2000
5351.7104 +183.84 +0.49 50 50 3.116 2010 Jun 04 NOTCam
5373.6298 +161.10 +67.86 25 25 3.004 2010 Jun 26 OMEGA2000
5390.6961 +206.58 +23.66 50 50 1.558 2010 Jul 13 NOTCam
5456.5701 +224.33 +4.30 60 60 1.396 2010 Sep 17 LIRIS
5468.5106 +215.99 −20.79 50 50 1.446 2010 Sep 29 NOTCam
5500.4733 +214.59 −29.75 50 50 1.390 2010 Oct 30 NOTCam
5786.6448 +508.95 +50.98 25 25 1.643 2011 Aug 13 OMEGA2000
5813.5497 +511.20 +64.57 25 25 1.651 2011 Sep 09 OMEGA2000
5848.4624 +541.35 +41.40 25 25 1.644 2011 Oct 13 OMEGA2000*
5848.4973 +541.35 +41.40 50 50 1.395 2011 Oct 13 NOTCam*
5878.4064 +555.97 +42.43 25 25 1.658 2011 Nov 12 OMEGA2000
5899.4215 +543.99 +32.48 50 50 1.468 2011 Dec 03 NOTCam
5935.3528 +589.29 +16.97 50 50 1.613 2012 Jan 08 NOTCam
5938.2547 +588.60 +68.22 25 25 1.683 2012 Jan 11 OMEGA2000
6110.6356 +784.35 +103.23 25 25 2.412 2012 Jul 02 OMEGA2000
6110.6418 +783.00 +98.32 25 25 2.303 2012 Jul 02 OMEGA2000
6112.6590 +790.20 +124.96 25 25 2.010 2012 Jul 04 OMEGA2000
6136.6096 +817.20 +112.50 25 25 1.871 2012 Jul 28 OMEGA2000
6175.5008 +821.25 +83.25 25 25 1.888 2012 Sep 05 OMEGA2000
6202.4539 +858.15 +76.09 25 25 1.733 2012 Oct 01 OMEGA2000
6292.2792 +887.85 +64.30 25 30 1.668 2012 Dec 30 OMEGA2000
J0045+1634
5228.2873 0.00 0.00 15 15 1.323 2010 Jan 31 OMEGA2000
5373.6197 +255.60 +30.42 15 15 1.720 2010 Jun 26 OMEGA2000
5390.6702 +260.83 +58.59 30 30 1.238 2010 Jul 13 NOTCam
5468.5380 +263.12 +33.39 30 30 1.031 2010 Sep 29 NOTCam
5500.5001 +267.68 +4.02 30 30 1.034 2010 Oct 31 NOTCam
5726.6557 +607.05 −16.74 15 15 1.690 2011 Jun 14 OMEGA2000
5759.6071 +629.10 +5.89 15 15 1.347 2011 Jul 17 OMEGA2000
5786.6403 +650.25 −9.36 15 15 1.069 2011 Aug 13 OMEGA2000
5813.5595 +647.10 −24.84 15 15 1.072 2011 Sep 09 OMEGA2000
5848.3379 +656.55 −34.69 15 15 1.529 2011 Oct 13 OMEGA2000*
5848.4613 +653.62 −39.82 30 30 1.085 2011 Oct 13 NOTCam*
5848.4703 +650.70 −44.95 15 15 1.069 2011 Oct 13 OMEGA2000*
5878.4199 +662.85 −36.45 15 15 1.076 2011 Nov 12 OMEGA2000
5899.4515 +665.04 −76.11 30 30 1.114 2011 Dec 03 NOTCam
5935.3807 +678.73 −59.52 30 30 1.213 2012 Jan 08 NOTCam
6082.6535 +932.85 −51.34 15 15 2.057 2012 Jun 04 OMEGA2000
6084.6658 +929.25 −34.2 15 15 1.781 2012 Jun 06 OMEGA2000
6108.6235 +971.55 −35.01 15 15 1.530 2012 Jun 30 OMEGA2000
6110.6267 +952.65 −50.94 15 15 1.460 2012 Jul 02 OMEGA2000
6112.7656 +972.00 −41.80 15 15 1.217 2012 Jul 04 OMEGA2000
6136.6160 +1010.25 −38.92 15 15 1.165 2012 Jul 28 OMEGA2000
6175.5090 +1015.65 −48.06 15 15 1.166 2012 Sep 05 OMEGA2000
6202.3782 +1010.25 −63.18 15 15 1.440 2012 Oct 01 OMEGA2000
6292.2855 +1037.25 −116.46 15 15 1.077 2012 Dec 30 OMEGA2000
J0241−0326
5227.3950 0.00 0.00 20 20 2.068 2010 Jan 30 OMEGA2000
5468.6348 +77.97 −26.53 40 40 1.180 2010 Sep 29 NOTCam
5500.5284 +112.18 +10.08 40 40 1.194 2010 Oct 31 NOTCam
5786.6508 +165.15 −5.98 20 20 1.493 2011 Aug 13 OMEGA2000
5813.5670 +163.80 −9.94 20 20 1.551 2011 Sep 09 OMEGA2000
5848.4758 +185.85 −29.02 20 20 1.524 2011 Oct 13 OMEGA2000
5878.4512 +173.70 −43.57 20 20 1.333 2011 Nov 12 OMEGA2000
5848.5122 +188.63 −30.63 40 40 1.396 2011 Oct 14 NOTCam
5899.4793 +193.01 −67.90 40 40 1.187 2011 Dec 03 NOTCam
5935.4093 +162.45 −58.45 40 40 1.233 2012 Jan 08 NOTCam*
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Table 5. Continued.
JD−240000 dα dδ err dα err dδ Air mass UT date Instrument
(mas) (mas) (mas) (mas)
5938.3585 +162.45 −58.45 20 20 1.378 2012 Jan 11 OMEGA2000*
5992.3197 +167.85 −49.05 20 20 2.446 2012 Mar 05 OMEGA2000
6136.6270 +231.75 −22.41 30 30 2.157 2012 Jul 28 OMEGA2000
6175.5662 +262.80 −43.02 20 20 1.617 2012 Sep 05 OMEGA2000
6202.4599 +252.45 −52.47 20 20 1.950 2012 Oct 01 OMEGA2000
6292.2924 +252.00 −76.45 20 25 1.388 2012 Dec 30 OMEGA2000
J0355+1133
5227.4009 0.00 0.00 21 25 1.286 2010 Jan 30 OMEGA2000
5251.3697 +17.10 −53.10 21 25 1.488 2010 Feb 23 OMEGA2000
5456.7045 +304.53 −352.15 50 50 1.053 2010 Sep 17 LIRIS
5468.6619 +334.82 −446.74 40 40 1.063 2010 Sep 29 NOTCam
5500.5552 +302.01 −524.10 40 40 1.093 2010 Oct 31 NOTCam
5640.3173 +276.75 −716.40 38 32 1.595 2011 Mar 19 OMEGA2000
5786.6569 +560.25 −918.49 13 16 1.461 2011 Aug 13 OMEGA2000
5813.5757 +568.35 −976.90 16 16 1.533 2011 Sep 09 OMEGA2000
5848.4843 +559.80 −1033.96 10 12 1.505 2011 Oct 13 OMEGA2000
5878.4361 +527.85 −1108.93 26 26 1.301 2011 Nov 12 OMEGA2000
5899.5135 +486.50 −1198.48 40 40 1.045 2011 Dec 04 NOTCam
5914.5920 +460.98 −1199.70 22 26 1.869 2011 Dec 19 OMEGA2000
5935.4341 +455.85 −1271.70 40 40 1.053 2012 Jan 08 NOTCam*
5938.3668 +455.85 −1271.70 29 26 1.108 2012 Jan 11 OMEGA2000*
5992.3275 +475.65 −1332.45 24 24 1.395 2012 Mar 05 OMEGA2000
6026.3085 +529.20 −1356.75 26 27 2.339 2012 Apr 08 OMEGA2000
6136.6334 +768.60 −1520.46 20 26 2.368 2012 Jul 28 OMEGA2000
6136.6384 +764.55 −1520.05 18 26 2.248 2012 Jul 28 OMEGA2000
6175.5727 +798.75 −1617.17 16 18 1.627 2012 Sep 05 OMEGA2000
6202.4661 +796.50 −1655.28 16 16 2.085 2012 Oct 01 OMEGA2000
6292.3764 +697.05 −1853.50 16 19 1.114 2012 Dec 30 OMEGA2000
J0501−0010
5227.4066 0.00 0.00 20 20 1.325 2010 Jan 30 OMEGA2000
5251.3759 −0.45 −14.40 19 20 1.467 2010 Feb 23 OMEGA2000
5456.7205 +183.87 −79.28 45 45 1.200 2010 Sep 17 LIRIS
5468.6901 +201.76 −93.70 40 40 1.194 2010 Sep 29 NOTCam
5500.6839 +209.51 −119.46 40 40 1.166 2010 Oct 31 NOTCam
5640.3235 +207.45 −138.60 20 21 1.544 2011 Mar 19 OMEGA2000
5813.5937 +391.95 −210.78 22 23 2.285 2011 Sep 09 OMEGA2000
5848.7153 +398.70 −231.97 22 23 1.355 2011 Oct 14 OMEGA2000*
5848.7188 +398.70 −231.97 40 40 1.152 2011 Oct 14 NOTCam*
5878.4579 +396.90 −257.71 24 20 1.681 2011 Nov 12 OMEGA2000
5899.6883 +367.69 −293.70 40 40 1.667 2011 Dec 04 NOTCam
5914.5961 +391.05 −265.95 21 23 1.746 2011 Dec 19 OMEGA2000
5935.4600 +381.85 −290.24 40 40 1.141 2012 Jan 08 NOTCam
5938.3707 +366.75 −291.82 20 22 1.295 2012 Jan 11 OMEGA2000
5992.3345 +391.50 −299.16 19 17 1.404 2012 Mar 05 OMEGA2000
6025.3186 +407.25 −289.35 20 25 2.098 2012 Apr 07 OMEGA2000
6026.3195 +418.50 −300.15 20 22 2.165 2012 Apr 08 OMEGA2000
6175.6311 +586.80 −355.14 21 21 1.821 2012 Sep 05 OMEGA2000
6202.6924 +597.15 −366.27 37 39 1.259 2012 Oct 02 OMEGA2000
6292.3835 +571.95 −425.07 11 10 1.340 2012 Dec 30 OMEGA2000
G 196–3B
5227.4145 0.00 0.00 15 15 1.315 2010 Jan 30 OMEGA2000
5251.3856 −45.45 +3.37 15 15 1.180 2010 Feb 23 OMEGA2000
5282.3887 −89.10 −24.21 15 15 1.034 2010 Mar 26 OMEGA2000
5312.3772 −105.30 −31.63 15 15 1.047 2010 Apr 25 OMEGA2000
5316.4227 −116.11 −33.94 30 30 1.139 2010 Apr 29 NOTCam
5341.3559 −122.85 −76.95 15 15 1.144 2010 May 24 OMEGA2000
5351.3790 −141.86 −45.14 30 30 1.243 2010 Jun 03 NOTCam
5373.3890 −126.45 −103.05 15 15 1.809 2010 Jun 25 OMEGA2000
5390.3862 −154.40 −101.32 30 30 2.146 2010 Jul 12 NOTCam
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JD−240000 dα dδ err dα err dδ Air mass UT date Instrument
(mas) (mas) (mas) (mas)
5500.7107 −79.09 −169.46 30 30 1.427 2010 Oct 31 NOTCam
5636.5152 −191.70 −188.10 15 15 1.075 2011 Mar 16 OMEGA2000
5671.5377 −213.88 −229.36 15 15 1.499 2011 Apr 20 OMEGA2000
5696.3591 −229.77 −249.95 15 15 1.087 2011 May 14 OMEGA2000
5726.4123 −234.90 −280.35 15 15 1.688 2011 Jun 13 OMEGA2000
5848.7037 −223.65 −373.72 15 15 1.374 2011 Oct 14 OMEGA2000
5914.5818 −242.10 −385.96 15 15 1.154 2011 Dec 19 OMEGA2000
5935.6362 −248.85 −387.90 30 30 1.088 2012 Jan 09 NOTCam*
5938.2812 −248.85 −387.90 15 15 1.356 2012 Jan 12 OMEGA2000*
5968.7378 −305.10 −394.65 15 15 1.616 2012 Feb 11 OMEGA2000
5990.5063 −358.33 −372.80 30 30 1.076 2012 Mar 04 NOTCam
5992.5098 −362.70 −433.08 15 15 1.042 2012 Mar 06 OMEGA2000
6023.3461 −353.25 −426.89 15 15 1.049 2012 Apr 05 OMEGA2000
6052.4667 −365.40 −437.85 15 15 1.352 2012 May 04 OMEGA2000
6082.3526 −375.75 −472.05 15 15 1.219 2012 Jun 03 OMEGA2000
6084.3439 −370.84 −538.20 15 40 1.208 2012 Jun 05 OMEGA2000
6137.3392 −364.05 −539.10 15 15 2.382 2012 Jul 28 OMEGA2000
6175.6943 −360.45 −558.00 15 15 2.601 2012 Sep 05 OMEGA2000
6202.7007 −374.40 −567.36 15 15 1.569 2012 Oct 02 OMEGA2000
6292.5497 −388.80 −602.46 15 15 1.141 2012 Dec 31 OMEGA2000
J1022+5825
5227.4203 0.00 0.00 25 25 1.348 2010 Jan 30 OMEGA2000
5252.4539 −81.81 −15.79 25 25 1.103 2010 Feb 24 OMEGA2000
5282.3959 −162.90 −56.74 25 25 1.082 2010 Mar 26 OMEGA2000
5312.3833 −251.55 −117.36 25 25 1.085 2010 Apr 25 OMEGA2000
5316.4996 −267.98 −161.80 50 50 1.346 2010 Apr 29 NOTCam
5390.4123 −404.19 −407.61 50 50 2.220 2010 Jul 12 NOTCam
5341.3642 −316.35 −167.89 25 25 1.166 2010 May 24 OMEGA2000
5351.4128 −357.39 −249.03 50 50 1.379 2010 Jun 03 NOTCam
5373.3964 −384.30 −274.95 25 25 1.665 2010 Jun 25 OMEGA2000
5500.7366 −584.39 −615.55 50 50 1.406 2010 Oct 31 NOTCam
5639.7195 −930.60 −788.40 25 25 2.123 2011 Mar 19 OMEGA2000
5674.5737 −1017.09 −875.20 25 25 1.668 2011 Apr 23 OMEGA2000
5696.3665 −1095.30 −918.49 25 25 1.118 2011 May 14 OMEGA2000
5726.4193 −1156.95 −1006.65 25 25 1.577 2011 Jun 13 OMEGA2000
5848.7103 −1341.90 −1274.18 25 25 1.396 2011 Oct 14 OMEGA2000
5878.6817 −1413.00 −1302.57 50 50 1.211 2011 Nov 13 OMEGA2000
5914.5737 −1491.30 −1387.49 25 25 1.237 2011 Dec 19 OMEGA2000
5935.5107 −1569.18 −1423.60 50 50 1.595 2012 Jan 09 NOTCam
5938.7752 −1556.55 −1414.35 25 25 1.284 2012 Jan 12 OMEGA2000
5968.7475 −1619.55 −1443.15 25 25 1.526 2012 Feb 11 OMEGA2000
5990.5413 −1722.15 −1510.74 50 50 1.149 2012 Mar 04 NOTCam*
5992.5193 −1722.15 −1510.74 25 25 1.083 2012 Mar 06 OMEGA2000*
6023.3561 −1791.00 −1568.07 25 25 1.090 2012 Apr 05 OMEGA2000
6052.4782 −1868.85 −1625.40 25 25 1.346 2012 May 04 OMEGA2000
6054.3538 −1869.30 −1647.00 35 35 1.086 2012 May 06 OMEGA2000
6054.3609 −1883.25 −1642.50 25 25 1.092 2012 May 06 OMEGA2000
6082.3611 −1954.35 −1697.85 25 25 1.228 2012 Jun 03 OMEGA2000
6084.3506 −1949.89 −1717.69 25 25 1.214 2012 Jun 05 OMEGA2000
6108.3653 −1977.75 −1764.45 25 25 1.542 2012 Jun 29 OMEGA2000
6137.3454 −2025.45 −1859.40 25 25 2.020 2012 Jul 28 OMEGA2000
6202.7073 −2141.55 −2000.61 25 25 1.561 2012 Oct 02 OMEGA2000
6292.5563 −2305.35 −2145.51 25 25 1.185 2012 Dec 31 OMEGA2000
J1552+2948
5227.7479 0.00 0.00 23 23 1.058 2010 Jan 31 OMEGA2000
5252.6436 −1.35 +42.48 21 17 1.147 2010 Feb 25 OMEGA2000
5282.5564 −37.35 +60.16 23 25 1.165 2010 Mar 27 OMEGA2000
5313.6245 −57.60 +73.21 16 16 1.047 2010 Apr 27 OMEGA2000*
5316.5695 −57.60 +73.21 40 40 1.020 2010 Mar 30 NOTCam*
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JD−240000 dα dδ err dα err dδ Air mass UT date Instrument
(mas) (mas) (mas) (mas)
5341.5204 −92.25 +79.74 17 20 1.017 2010 May 25 OMEGA2000
5351.4440 −63.42 +87.69 40 40 1.071 2010 Jun 03 NOTCam
5373.4041 −121.05 +59.40 16 18 1.008 2010 Jun 25 OMEGA2000
5390.4422 −104.02 +78.66 40 40 1.021 2010 Jul 12 NOTCam
5397.4737 −152.10 +63.04 22 20 1.299 2010 Jul 19 OMEGA2000
5640.3198 −170.10 −12.87 21 19 1.015 2011 Mar 19 OMEGA2000
5671.5463 −194.85 +16.96 33 40 1.041 2011 Apr 23 OMEGA2000
5695.6013 −245.25 +17.82 19 21 1.091 2011 May 14 OMEGA2000
5726.4585 −274.95 +9.90 22 20 1.009 2011 Jun 13 OMEGA2000
5757.3592 −298.35 −4.45 21 25 1.008 2011 Jul 14 OMEGA2000
5786.4042 −321.75 −7.65 21 22 1.262 2011 Aug 12 OMEGA2000
5813.3382 −333.00 −38.25 21 18 1.302 2011 Sep 08 OMEGA2000
5848.2741 −338.85 −63.00 31 36 1.519 2011 Oct 13 OMEGA2000
5938.7587 −300.15 −94.09 21 26 1.169 2012 Jan 12 OMEGA2000
5968.7554 −296.55 −74.52 20 21 1.017 2012 Feb 11 OMEGA2000
5990.5913 −288.76 +64.61 40 40 1.648 2012 Mar 04 NOTCam
5994.6971 −320.40 −74.43 25 20 1.009 2012 Mar 08 OMEGA2000
6021.6954 −347.85 −57.15 24 26 1.064 2012 Apr 04 OMEGA2000
6052.5900 −383.40 −58.05 23 23 1.032 2012 May 05 OMEGA2000
6082.4969 −414.00 −66.42 26 24 1.021 2012 Jun 03 OMEGA2000
6108.4672 −449.55 −63.90 18 18 1.083 2012 Jun 29 OMEGA2000
6136.3650 −464.40 −75.01 27 28 1.037 2012 Jul 27 OMEGA2000
6137.4660 −469.80 −92.25 23 19 1.411 2012 Jul 28 OMEGA2000
6175.3522 −460.80 −91.08 21 23 1.346 2012 Sep 04 OMEGA2000
6202.2891 −499.95 −119.25 21 18 1.416 2012 Oct 01 OMEGA2000
6292.5028 −457.65 −157.81 12 12 1.778 2012 Dec 31 OMEGA2000
J1726+1538
5227.7538 0.00 0.00 15 15 1.371 2010 Jan 31 OMEGA2000
5252.6502 +30.60 −0.31 15 15 1.664 2010 Feb 25 OMEGA2000
5283.6485 +25.65 +6.25 15 15 1.167 2010 Mar 28 OMEGA2000
5313.6313 +14.40 +25.87 15 15 1.075 2010 Apr 27 OMEGA2000
5316.6531 +16.47 +15.57 30 30 1.032 2010 Apr 30 NOTCam
5341.5287 −15.30 +17.28 15 15 1.093 2010 May 25 OMEGA2000
5351.5357 +0.03 +30.00 30 30 1.055 2010 Jun 40 NOTCam
5373.4108 −10.80 +14.73 15 15 1.146 2010 Jun 25 OMEGA2000
5390.4700 −23.55 +3.76 30 30 1.026 2010 Jul 12 NOTCam
5397.4800 −47.25 +5.53 15 15 1.175 2010 Jul 19 OMEGA2000
5468.3849 −48.97 −11.90 30 30 1.402 2010 Sep 28 NOTCam
5639.7089 −9.00 −36.63 15 15 1.097 2011 Mar 19 OMEGA2000
5671.5582 −8.05 −43.15 15 15 1.269 2011 Apr 20 OMEGA2000
5695.6648 −36.90 −37.80 15 15 1.080 2011 May 14 OMEGA2000
5726.4696 −35.55 −32.17 15 15 1.102 2011 Jun 13 OMEGA2000
5757.3658 −68.85 −46.84 15 15 1.137 2011 Jul 14 OMEGA2000
5786.4102 −83.25 −48.15 15 15 1.154 2011 Aug 12 OMEGA2000
5813.3452 −88.20 −74.25 15 15 1.179 2011 Sep 08 OMEGA2000
5848.2802 −96.30 −78.75 15 15 1.300 2011 Oct 13 OMEGA2000*
5848.3471 −96.30 −78.75 30 30 1.421 2011 Nov 13 NOTCam*
5878.2808 −99.45 −95.40 30 30 2.192 2011 Nov 12 OMEGA2000
5938.7677 −78.75 −100.84 15 15 1.758 2012 Jan 12 OMEGA2000
5968.7631 −72.90 −105.88 15 15 1.205 2012 Feb 11 OMEGA2000
5994.7033 −64.80 −95.80 15 15 1.163 2012 Mar 08 OMEGA2000
6021.7019 −73.80 −90.09 15 15 1.075 2012 Apr 04 OMEGA2000
6052.5971 −69.75 −104.58 15 15 1.080 2012 May 05 OMEGA2000
6082.5049 −91.35 −105.03 15 15 1.088 2012 Jun 04 OMEGA2000
6084.5320 −105.75 −97.20 15 15 1.076 2012 Jun 06 OMEGA2000
6108.4739 −114.75 −106.87 15 15 1.078 2012 Jun 29 OMEGA2000
6136.3542 −137.25 −107.82 15 15 1.091 2012 Jul 27 OMEGA2000
6175.3584 −137.25 −138.15 15 15 1.201 2012 Sep 04 OMEGA2000
6202.2968 −137.25 −151.65 15 15 1.246 2012 Oct 01 OMEGA2000
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Table 5. Continued.
JD−240000 dα dδ err dα err dδ Air mass UT date Instrument
(mas) (mas) (mas) (mas)
6292.7478 −120.60 −189.45 15 15 2.756 2012 Dec 31 OMEGA2000
J2208+2921
5228.2811 0.00 0.00 10 10 2.226 2010 Jan 31 OMEGA2000
5316.7041 +51.66 +25.47 20 20 1.571 2010 Mar 04 NOTCam
5341.5969 +50.85 +2.11 10 10 1.487 2010 May 25 OMEGA2000
5351.6804 +55.31 +25.08 20 20 1.135 2010 Jun 04 NOTCam
5373.6094 +54.00 +13.09 10 10 1.059 2010 Jun 26 OMEGA2000
5390.5385 +51.27 +22.92 20 20 1.292 2010 Jul 13 NOTCam
5397.4877 +58.50 +3.37 10 10 1.224 2010 Jul 19 OMEGA2000
5456.4980 +52.16 +4.48 40 40 1.003 2010 Sep 16 LIRIS
5468.4202 +51.55 +11.36 20 20 1.014 2010 Sep 28 NOTCam
5500.4281 +41.53 +0.53 20 20 1.064 2010 Oct 30 NOTCam
5695.6648 +140.85 −17.82 10 10 1.254 2011 May 14 OMEGA2000
5726.5913 +148.05 −2.38 10 10 1.215 2011 Jun 14 OMEGA2000
5759.6002 +148.05 −6.93 10 10 1.012 2011 Jul 17 OMEGA2000
5786.6342 +148.50 +10.80 10 10 1.145 2011 Aug 13 OMEGA2000
5813.3532 +148.05 −2.34 10 10 1.218 2011 Sep 08 OMEGA2000
5848.3321 +132.75 −5.78 10 10 1.030 2011 Oct 13 OMEGA2000*
5848.4293 +132.75 −5.78 20 20 1.004 2011 Oct 13 NOTCam*
5878.2877 +138.60 −18.63 10 10 1.009 2011 Nov 12 OMEGA2000
5899.3186 +147.11 −15.56 20 20 1.033 2011 Dec 03 NOTCam
5935.3235 +149.59 −30.96 20 20 1.459 2012 Jan 08 NOTCam
5938.2636 +171.90 −37.35 10 10 1.359 2012 Jan 11 OMEGA2000
6021.2090 +212.40 −28.66 10 10 1.746 2012 Apr 04 OMEGA2000
6054.6364 +232.20 −39.37 10 10 1.560 2012 May 07 OMEGA2000
6082.5917 +229.50 −26.73 10 10 1.326 2012 Jun 04 OMEGA2000
6084.6592 +232.65 −28.66 10 10 1.066 2012 Jun 06 OMEGA2000
6108.5367 +237.15 −23.49 10 10 1.243 2012 Jun 30 OMEGA2000
6112.6511 +242.55 −23.13 10 10 1.009 2012 Jul 04 OMEGA2000
6136.5293 +229.05 −18.22 10 10 1.045 2012 Jul 28 OMEGA2000
6175.3930 +227.70 −35.28 10 10 1.105 2012 Sep 04 OMEGA2000
6202.5708 +247.05 −58.68 10 10 1.020 2012 Oct 01 OMEGA2000
6292.2728 +246.60 −68.85 10 10 1.243 2012 Dec 30 OMEGA2000
Notes. (*) NOTCam and OMEGA2000 normalization dates.
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Fig. 4. Differential astrometric measurements obtained for J0033−1521, J0045+1634, J0241−0326, and J0355+1133 in the time interval from
2010 January through 2012 December. For each object, the top and middle panels depict the apparent trajectories of dα and dδ, respectively, and
the bottom panel illustrates dδ against dα, where north is up and east is to the left. The reference epoch (2010 January) of the OMEGA2000 data
corresponds to (dα, dδ)= (0, 0). The NOTCam data are normalized to the OMEGA2000 reference system at the observing epoch indicated by the
arrows. OMEGA2000 measurements are plotted as solid circles, while NOTCam and LIRIS data (when available) are shown with open circles
and triangles, respectively. The solid curves stand for the best fits to the proper motions and parallaxes. Astrometric error bars are plotted; in some
panels, they have the size of the symbols.
The apparent astrometric trajectories of all targets and their best fits, except for the two shown in the main text, are provided in
Figures 4 and 5. The astrometric residuals as a function of observing epoch are depicted in Figures 7 and 8. Astrometric residuals
as a function of observing air mass are illustrated in Figures 10 and 11.
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Fig. 5. Differential astrometric measurements obtained for J0501−0010, J1022+5825, J1726+1538, and J2208+2921 in the time interval from
2010 January through 2012 December. For each object, the top and middle panels depict the apparent trajectories of dα and dδ, respectively, and
the bottom panel illustrates dδ as a function of dα, where north is up and east is to the left. The reference epoch (2010 January) of the OMEGA2000
data corresponds to (dα, dδ)= (0, 0). Symbols as in Fig. 3.
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Fig. 7. Astrometric residuals of J0033−1521, J0045+1634, J0241−0326, and J0355+1133 as a function of the observing epoch. Symbols as in
Fig. 3.
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Fig. 8. Astrometric residuals of J0501−0010, J1022+5825, J1726+1538, and J2208+2921 as a function of the observing epoch. Symbols as in
Fig. 3.
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Fig. 10. Astrometric residuals of J0033−1521, J0045+1634, J0241−0326, and J0355+1133 as a function of the observing air mass. Symbols as in
Fig. 3.
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Fig. 11. Astrometric residuals of J0501−0010, J1022+5825, J1726+1538, and J2208+2921 as a function of the observing air mass. Symbols as in
Fig. 3.
